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[tS3ft3S3] tf;6^ Pseudomonas ps 

eudoalcal igenes a^fe-C^^ > it^^g 2 (ClSftfilatfeo 

1 A^I±cD&^^^-r 5Sa^iJ#-^6 cor ^: / g&id^iJ:^^^^^ 

[ffjJtJlel ai^>^^^:y h:^^ tfA, *5 

^mn^'^2(r>r ^ /mWMf)^hf^y> . d^OBurkholder 
la cepacia LB400 ^^^(O^fy^^^-Ji^i^z^^i^^-T— 

1 i^±coefe^^w-r ^iajiJ#-^4 cor ^ y ®^ga^ij:^^b^<^ 



f¥As ioJ;W^^P:^^b?:f6l¥;6^p5il^$n^ 

1 ^^coac^^^g-r^iB^ij*-^ 6 (T^r ^ / m^n-^^h^^ 

^ii^^n-s ii^±coec^<^^-f ^ga^ij#-i-8<7:)r ^ y 

10 if 4 fi<*:;6S3S=S=S^:^^^ v-y-t— if^S^4trWi- 

[fS^^ 7 ] Burkholderia cepacia LB400 ^^^CO a 

r ^ y g^sa^'JT'fc^. li^kJi 6 tciEifecoKitfc 
lsi5jtJS8i at^$r*i-'5ia^y#-^2cor ^yg^ia^j 
iE^ij#-^i ocor ^yKia^^JJ-cfes. itJftJietciE 

[fS^^Il 0] ^#^i^^=^^/<>'•:^-if^te•T•:^^ 

30 lit^^Si 1] — ifittfe^T&^ Pseudo 

monas pseudoa 1 ca 1 i genes ^ jfe "C ^ ^ ff^Jll 0 (dfS 

[ft3it«12] a1^>^^^^y h>d^ IB^iJ*-^ 2 <7)r ^ y 
^ia^fJ^/ctim^> ffA. *5J:mi-:^iP;5^b?:^Sg¥ 

i3Hf^^-o, ga^ij#-^4(Dr ^ y^ia^ij^/cfi® 

*f A. *sj:m^*P;ei^^?tC^i*7!>>e)^^^ns 

1 ^ ^-r ^ la JiJ#-^ 4 CO r 5: y Kia^ijT^- b 

40 ^\ 

y:^i^v^iyi^t'^. ia^y#-^6cor ^ yKsa^j^yhfifi 
yziLUh*^i^>\^y^^—^^^. ia^ij#-^8cor 5; y g& 

m,mi^it\^m:^. !k^. »a. ii6^xj^mwt^hfs:^mt> 

biis^^tt-s 1 jL^Ji<^et^<^*-r^ia^j##8 or ^ y 

50 ^mm^^^m^J^^^'^^^-'^^'i&^^'t 
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1 3 {wf5«(7)®tit&o 

[»*3ll5l ai^'::/^^^/ g^. IfA. 

•t^M^^nm-^2(DT^ymWd.mf>^hti:^. T&^o Burkhold 
eria cepacia LB400 W^^<0^'y ^^^^^^^^^y^-^ 

y^;iiuK:^'»';5^ ^^m-^e(Dr^ /wtmm^fz^^m 

OH 



[f»3ft^l 6] Burkholderia cepacia LB4od t***CO 
ia^J#-^9(7)DNAia5^JT-fct). 

(DDNAia^yT*fe»9 . 

(7:>DNAga^UX*fe'9 . 
20 i)^. ia^iJ#-^7(7)DNAiE^iJ-efeS. fS*3Sl O^itii 

1 7 \z.um(om^m. 

[ft^js 1 9 1 ^ ( i ) 

H e t -A 1 k y 1 -R » ( I ) 

(^1^. H e t {i1S?Rlt^S^^U. A 1 k y 1 fi^-g- 

^fctij^^a^ 1 —4C7)5^|I$LTV>Tt>ctV^r/l-=3r U>'^ 

-6. 1 1 8 OV^-f tL^>— ^iClEStCOSiitfc 

(I • ) 

30 H e t - A 1 k y 1 * ( I * ) 

He tjoJ:O^A 1 k y 1 tlft*^^ 1 9T*^^L 



OH 





OH 




[fS*^l2 1 ] He t;6v ^fy y K--/^> V 

^y:x, -Oi/^T:/— yi^. -<v>^^1^y'— /^s fliv^ 




50 



— ^ oy 4— > ^^0-^:^-4—::;^-:^^ 6-t: 

[f»5j^3g2 2l 1S^^>fb-g^ifel3ii^ ^(11) 
He t-A 1 k y 1 -R^ (II) 
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(^^, H e t {^mmm^m%:m l. a i k y i t^i^s-^ 

[|»*3S2 3l He t >'^i^>^->'^*fcti t:°ii 

[fS*JS2 4] 7K»lk$ttybm3SS<b^iKi;i>^ ^ (I 
I ' ) 

He t ' -A 1 k y 1 -R^ (II') 

(^q^. R2 :f3j:U?A 1 k y niff5|^3S2 2T^^Ufc 
F^Si:is3^'e&'9s Het* *fcti2c07K®&Sl-i: 

-18. 2 2,. :JoJ:t/2 3<ov^-fi^^^— Jgtcia^coilijt 

[Ii3^^2 51 He t ' ;5S4, 5 - v^t ^r^x- 4 , 

[it3i^3g2 6] mmmit^mK ^ d i d 

He t~Al ky 1 -H (III) 



2 — 7 31 >^ K— /v- 



2 — :7 31 =-/u^ > K^/i^ 

2 - >^ 31 ^/u-f 

3 — 17 31^/1^— 1 — f > 



2 — :7 3i^/W^>'y^T>^— 



2- ^^31:^/^^]; i/>^ 

3 ^/W— 2 -:7 3i:=iyUbf U v'^' 



4 -:7:iii:i/Ut''i; ^ 
1 — :7 3i:=^/H::'e3— yV- 

1 -^ai^^/Wtf 7 



(^^•. H e t (ilS^ii^S^I^U. A 1 k y 1 (i^^ 

^^n^. ii5R3ii'-i 8<Dv>-m75^— 

it 

[fi^^2 7] He t dS-^>'>^:7^>*;fc(i^;d-7ac:^ 

[IS3ft«2 8l 7K®?il::^ti.fc1S*^'fl:^^3&^ ^ (i I 

I ' ) 

He t' -A 1 k y I -H (III') 

10 {^^. He t' {ti^tzn2(D7Kmm^^xr)m^^ti 

fc^^S^S^Sb. A 1 k y 1 it.m^m2 6X"&m\^ 

ti^mtmmxh^) xm^ti^. lij^ai-i s. 2 

[st*^2 9] He t ' ;6S3-fc K d i^-< :7 7 

4 - t Kn^v--<vy y'^^. :^fc{i2, 3-v^t 
Knds^'>-2, 3-v^b Kni^;d->^3i:^^^f . ftJR^ 
2 8 (C|E«f7)fiiiti£o 

20 18 (7) V >-rtL7i>-— JltClE® (DSJit&o 

3- i2-^y v^^) -3, 5- 

i^i^^ ^--v:3fi^v^^>^- 1 . 2^ 

3-(lH-2--l'>'Ky/U)-3, 5 

— D^^fi^v^^>— 1.2 — 

2 - { 1 H- 2 — 0 h^])/\^)y —jv 

2- y IH- 5 --f :^ Kn— 

3- (5, Kcidr>-~ 1 .3- 
i/^ n-^^f-i^^^^/U) — 1 — 

3- (1, Z-^l^-/^T-/^)\^-2- 

^ ?v) -3, 5 -i/^ i3^=^i^-^^:^- 
1.2- v^;d-— 

3- (1, 3 -^>^y':^^i^>^— /i-- 2 
— i )V) -3, 5 -i/:^^ D^:3e1^v^:3^>^ 

— 1 , 2 - 

3 - (2-^1; v^/i^) - 3 , 5 - 
-y^ D^^-y-v^ni:/— 1 . 2 - v^:^-— /i^ 

3- (3-j^t^yuey K-2--f/u) 

— 3. 5 — CI-^=^-t^v^^>' 
-1, 2-v?:^— 

3- (4-"t°y ^ v?^/l-) -3, 5- 
v'^ n^=^-t^v^3i>^— 1 , 2 - v^:^— 

3- (IH- 1 -t-a y yu) -3. 5- 
p^N.^^^^:;;^^:/— 1 , 2 ->^:<J-— /i^ 

4- t: Kndri^- 1 -:7 3i-:^/Utf 7 
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3 1 -y ziL:^j\^\i'yy—Ji^ 



3— 1 — 7ai:=:/Uf7>^— Z^- 



1 --o-v^yu-r 5: 



4 —^i^i^/i'^i y^r 



4— y^T>^— yi^ 

2— (2 — t: Kn:^'>:7:ii^/w) 
2- hP/W') C^:^ 

2 - n_— r/^/u^ i^yy^^ 

2- (1 ~:73ii^/U^^/U) -1. 3 

2- (1, 2, 3, 4-7"h^^^-f K 
n- 1 U:=.yw) -1, 3 ->< 

3 2] yy^y^ h^t^^. yy^iy. yyy<y 



[|f*^33] Tiam^t^intiyyT^y^ h^i^i^^s 2' , 
3* -v^t Knarv-^:, 2' - t Kd 3 ' 

-t Kn:^>-ft:-efo^t«*«3 l^fc{i3 2 (C|E«cO®i 



3- (3-y ^/^f^y— /l^- 1 - 

-3. 5-'>^n^^f-v^3i:x 

-1. 2-v^^— /l^ 

2- (3— ^^/Wbi'^y^— 1 — 

^ /w) y — /u 

3- {2-t:'y v^/U;^.^/W) -3. 5- 
v/^ CJ^dlri^-^?:3l>- l , 2-v^;*-— 

3- (IH- 1 ^^V' y/uy ^/w) 
-3. 5-e/^o^:^i^v?^^^-l, 2 

3- (4->i' y^ry y/up^^/u-) 

~3, 5-i^^ti^^-*^i?3Li^-l, 2 

2- (4 — r yf'T y y 

2— (2 — Kci:2|riX>^a::r^yW) 

-4, S-v^t Kd-1, 3 — 
^vy:^^1^y— /u- 4 , 5 -v?;d*— 
2- (4 -y ^/w:7air^/U) -3- 

fy v^::^-— 

2-y^/^^>'>^ [b] 7^:^-6- 

2->^f^/^-<>'y' [b] -y7^-5- 
:;^-— yw 

4— ^=^v^yu— 2, 3 — v^t Ki3 — 
2, 3-5^;^:7;ii^^v?::r— yw 

2' , 3' -v^fc Kt3^'>:777i<:^ 

3 ' — h h*u^->yy:^> 

2' , 3' -v^fc Kci^r'>:7^/<y V 

2* -b Kn^>y 

3' — t: Kn:^v':7 7y<y V 

2' , 6 -v^fc Kn^->:7^^<y > 

3* , e—i^M h*i^^iyyyy<>^ :^ 

2- [1 -(4-t: Kndrv^:7 3i^/W) 

- 1 , 3 --f y-r >- 

2- (4-^ t Kcrdf"'>- 1 , 2, 3, 

4-7^ hyy^^ Kc3- 1 — -t-ry^ u 
r^/u-1, 3 ->< y^f > K— /i^-f 

2' , 3* -v?t Koarv^^^^^^y V, 2* , -t 
Ka^v'^^^'^^y 3' — t KP=^'>7^^'^y 
2* , Kn^v^:7^/<y *:/5:H3' , 6- 

y>f K;d^ Tmu^-^t^^^^hm^^ti^. m^^3 i 
-3 4ov^-rHd^-3g{cfa«(DSiitfeo 
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yy:^> 2' 

y'7y<y>' 2' 
6-\i V^a^-yy^y^y >- 2* 

i$m^36] mmmit^m^^^m^m-r^y^/^^ 
in^ms 7] ^^m^m-r^y^^^^ ^ mmmK 

2- (1 ->'3ir^/i-^^>'i^) -1, 3--ry^>-K— /i^ 

><^v^::^:^:^fcfi2- (1, 2, 3, 4— rh^^^-TK 
a- 1 un/u) -1, 3 - >f y >^ /i^-f 

[ft3jt3S3 8] Tkmit^titc^^m^m-r^y^/^-c ^ 



. 3' h^tt^i^yyT^ly 
. 3' -i^}:: VxJ^iyy^y<y :^ 

, 6 -i^^t Kndr>^7 7^^/ >^ 

[iS3j^3S3 9] Ti^mit^titii^mm^^^^y^^i^'^^ 

h*W^{^ii^> 2- [1- (4-t Knde^x:7ai^/w) ^ 
3-'Y y-Y V K-/W^>v^:^v:^fc^t2- 
(4-l: KP=^i^- 1, 2, 3, 4 -T-.h^^^-f Kn- 
1 --t-^^^l^^/^) -1, 3--f y-O' K— >'W^-i^^ 

>vh^. ft jjtJS 3 8 (dia^oMitifeo 



10 



2- (1, 2. 3, 4-7^ h^>'>-f K 
n- 1 -•:^:7^ u^/u) — i, s-^T 
y-r K— /^-f ^'-v^:^-^^ 

lfi^^4 1 ] ^^m:^/i^yr^>mt)>. ^ (i v) 

R3-Alkyl-COOR4 (IV) 
(^tf . R3 »i^e*J^3R^^S^^L. A 1 k y 30 

mm^^-t) s xm^ti^. 86ov^Ti^;o^ 

[fi3tt3i4 2l r3 ;6s-t":7^ uv-efe-s. ff*^4 1{C 
[f»^3S4 3 ] ^ ( I V) (Dit-^mK 1 5/ 

(I v ) 



[Ii3^^3l4 9l g^. jX^. WA. ^XUmu:^^hfJ:h 
^ y ®^ia3^iJ'CfeoT. Burkholderia cepacia LB400 W 



2- [1- (4 - b Kn^fv^:7ai3^/i-) 

^"T/i^l ~ 1 , 3 y-r /u-r^- 

2- (4- t Kci:^^^- 1 , 2, 3, 4 

-1, 3-^ y>r >^ K— /W^-v^;?!-^^ 

R3 ' -A 1 k y 1 -COOR4 ( I V ) 

A 1 k y 1 4oJ;U5R4 (imjia-r*^^ Ufcf^^ <i: 
R3 ' l*rcfi2<07K®^StcJ:<9B^^ 

.J:U«4 1-4 3<7)V^-ri^;^)^— :®lciESc<7:>$ijt&o 
[ff^^4 5] R3' ;5S 1 2(D7K^StC<t »9B«^ 

^tltz^y^ i^l^Xh^. fi5}^«4 4tC|BScCOKig?£o 
[193^314 6 1 5^ ( I V ) t^^^k-g^ife^iK 4-fc Kd^ 
v^- 1 -^y h-r >;/^@^. 4-t Kn^V- 1 --t-y^ 
yi^i^®^. ^tzi-XS-^i h*r=i^iy-l—ry^/i'mn^X^ 
ff^^4 4{c:|B«(7:)j^it?feo 

4- t KD^i/- 1 -■:hy h-^ ^y-^M 
4-\i h^xii^i^- 1 - :7 ^/wgt 



40 
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(7) 

11 

[ISjJ^JS sola >^^:^ h ;65ia^lJ#-^ 1 0 IC|E«C7) 

[fS*JS5 2] 6ajij##i o{cis«<7?r ^ y^ffi^*J;^^b 
Ai-^;^&o 

[000 1] 

7KSeS;5s^A^i^fc1a^^^k'&#?*5<i:t/7K®^ 

* A-r s w ^ife ft« m-r^o 

[0 0 0 2] ggiS^^ 40 
SX•fe^<^%;t^tLXV^6o so 
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[0 0 0 3] m^t. ^^iJ' :=^:/^y— ;^(0^>r ]) 
J: o T {l^^-^ k ^ n fc ^3 o jJi5 ^Sft ^ is?) T V ^ 5 ( K 4* Bg 

mm. 45. 887-894. 2000)o Wi^^i^mWi^^<O^B 
l^bttTV^-Sj&S, i&t y hfls: (false positive) 

[0 0 0 4] {l^^-g-^^nfc^^^ y-^V^y- 

^^tT?^^!':/^ y^-Ji-tnW^-OiiiJ ^*LTV>^4i-g'7)S 

[0 0 0 5] t^^x. m.mm.^^\^\^t/^^if(o^^nm 

^: O W^S^ ifiF* W » A-r 5 ^#1 X#6«J^*K 

So 

[0 0 0 6] ^/c. tf/V7^-< ^/^J^yn ^ LXT ^ >^ 
<b ;^yW7j<>'®^(pM;9^'&t?-d:;6^ ^ o t J: < ffl v MbnT*3 

^-eetCTKgeS?'.^ ^fO-i-tga^lf ^W(-2SAi-S^#iX^ 

[0 00 7] Pseudomonas pseudoa 1 ca 1 i genes KF7G7 W 

nfoi^y^^bt':^:^^^/^ (PCB) ^m^X'-h^o PC 

•^^zi^ Ki"'5itfi^j65P^ pseudoa Icali genes KF707 
:d^b*SI$tt. tf:7ic^/W' i;^:^:^^^^-^— if (bipheny 
1 di oxygenase) itfeT" (bphAlA2A3A4 a^^^) 

(A. Suyama, R.Iwakiri, N. Kimura, A. Nishi , 
K. Nakamura. K. Furukawa, J. Bacteriol . , 178, 403 
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9-4046. 1996)o L. Dseudoalcal i genes KF707 

^> (diphenylraethane) ^^mUt't^^^X'^'^'t 

mMXn±'WX'^fj:f}^^ti (A. Suyama. R. Iwakiri , 
N. Kimura, A. Nishi , K. Nakamura.K. Furukawa. J. B 
acteriol.. 178. 4039-4046. 1996)o w<7>Mtl> Mc^<0 

[0 0 0 8] Burkholderia cepac i a LB400 W (i^BUtiP io 
seudomonas sp. l3400WtV^\^tlX\f^tc) ti. Johnson 

b\cx^::^=L-3-^^x*mm^titi^})mt^y:^=' 

/^:^fi?S'Cfo'5(Bedard, D.L.. Unterman, R.. Bopp. 
L.H- , Brennan. M.J., Haberl. M.L., Johnson. C. Ap 
pi. Environ. Microbiol.. 51. 761-768. 1986)o B^ ce 
pacta LB400 m^X m:^fj:PCB^mmtLX. P. pseu 
doalcaligenes KF707*^^ thiZ, mM^B'f'^Mi&m 
m(Om^i>^^Xm^^thX^fZo B. cepac ia LB400 \Z 

— if (bi phenyl di oxygenase) iSfe-f- (bp 
hAEFG ite^) t^^^tltzL (B. D. Erickson. E. J. 
Mondello. J. Bacteriol . . 174. 2903-2912. 1992)o 
[0 0 0 9] pseudoa lea 11 genes KF707i:B^ cepacia 

LB400 (D\i^y aL:=./V'i^:t^i^^i'—\f (BDO) 

fzo -r?it>^b. ^-^y^^^^yh 94%. /M^:/^=!yh99 
7:11 UK^v^^- 100%. y zj^i^ ^—"^ 

ioo%r-fooyto ^ti\ch^^i>^t:»h'r. m^<omw^m 

\^^^ft^!^Mmtm^j:oX\^^fc. ^Jxf^. 2.5.4"- hy 30 
^X3a}:fy:i^^jl' (2.5.4'-trichlorobiphenyl) 
t Lfc^^. L pseudoa Icali genes KF707 <D}:fyzr.=^ 
fV^yir^^y^-r--^ (BDO) ii. *^®02' .3*ffitC®?^ 
Sr^J!JDLcis-v^:^-/uSr^^Lfc (HI 1 #fi^J B^ c 
epacia LB400 <OBD0Ji *SS<503 .4{i(;i^^^^:^)D Lcl 
s-v^:?l--/U^^fi)cLfc (ia2#fi^) (N. Kimura. A. Nis 
hi. M. Goto. K. Furukawa. J. Bacteriol., 179. 3936 

-3943. i997)o -^f^. \siQi^o:>m^\tiyy a^^-jx^ ^ ^ :y 

<£rSa^ LT^aL^JftT*^:/h«DtC^LT. LB40a»OB 

D0^ir^^^Sg^ \.xm^\^W^^^:Lh\tx^f^-h^-:^ 4o 

fLo — 2.5.2'.5'-7" h^^nn t'y^^rL/K^^-g^ 
tl. LB400*OBD0Ji:m^SWi: UT^^flj U^I^T't 
(1^2) COtC^LT. KF707i^(DBD0tlS!K<i: LT^ifeL 

[0 0 10] i\.'mi^^(D-^)\\ msthn.. 

•r-SDNA. KF707tt*5fe<7:>fc':7ai^/^v>;:^-^v^ 

y=7>^>^ ifmmi)^ htj:^ bphA 1 -e— $rfflV>fcPC 

RtCj: t)*giLfCo JJfetC. ;in^^DnaseI"C5>»t. 10 so 



-50 bp DNA»r>t^(H]iix. ^-g-L. ir/w:7:/^-< ^ ^^/p 
CR. bphAl ^;!JD;tfcPCR^^TV^. y^^M^ 

r ^ y ^Sa^lJ;55At^#:bo7tS^<7^=^^^bBhAl^^*^- 
[DNA v^-v:7y (DNA shuffling) ]o wtt<b<^^P< 7 
bphAl ^ K pseudoa Icali genes KF707*5feCO fcr:7 3i:=i 

(bphA2A3A4) ffi>«r OBC^ e:7ai::^ 

ifit^H^^ (modified bphAl : :bphA2A3A 

^ (T. Kumamaru, H. Suenaga. M. Mitsuoka, T. Watan 
abe. K. Furukawa, Nature Biotechnology, 16. 663-66 
6. 1998)o 

[0011] h . ^mmi^:t^i^>!/'r—^r- 

-c # 6 * t> m^t * ^ tt r V ^ /j: V >o 

[0012] 

lmm<DWi^] ^^m^hl^^^. P^ pseudoalcaligen 

es KF707 t^7^^/L'V^:^=^>'y-^— if ^ffiV^ 

[0 0 1 3 1 L. pseudoa Icali genes 

KF707 t5fcS^CDt:':7 3irL/Uv^:^:3e'>^-:f— iftC*3ttS 
:^i^y^Jx^-/ h$r=2— K-r^DNA^. Burkholderia c 
epacia lBAOGi^^^<D\^y ziL=^/l^iy7t^iy^'r—'^<D± 

h^=i'- Y'ir^mk}i<DWiX'D'^ K\/ ^ y ^) 

(DNA shuffling) ^fTV\ W^nySiDN A ^P^ gs 
eudoa Icali genes KF707^5l^co :7airz/l-v^;?f-:35^ v'>5^':^ 
— if(7):;^1^7^^^^/ hi^Ai^O 3 o(^^^M^^=^-- Ki" 
-5 D N A <h e> ^ efe^ fc* ^ ^ ->i-^:^:t :Sr;>y 

[0 0 14] 5fc^^{i. ;dcg^{k^tifci^^^<b'^iK?^7K 
CO S «t ^ ^ <7) a 6^ "T S o 

[0 0 15] 2^^0^{cJ:^7K^^b$K/i«mii{b'^i^^ 

[0 0 16] i^^m\zx,^mikm\z^ix\'t. 

[0 0 17] ;*:BP>^fi^yh. 18m^ib'a'1^i3j:t>'5S^#:K 
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[0 0 18] :^mm{^x^^^mm^^. m^. ^f 

^mir^m^m'^2<Dr ^ ym^nX-hoX^ Surkhold 
eria cepacia 

[0 0 2 0] if.w^n\^x^'^m^'y:^^^y^^—^<^^ 

^ai^:/^- 2, hfl, gift, JfA. *D<tm^AD;!>- 

2(7)T ^ y ®^ia^y"CfooT. Burkholderia cepacia LB4 

[0 0 2 1] 

Pseudomonas pseudoal call genes KF707 ^5fe<D3S=S^>^ 
ifit^^$:m^iZ^Ay/c:^^mjM109 (pKF66 

22) ti. 2 0 o o^9>« 1 3 Bi^x*mmmm'^j:mtkm 
f^±^i:^i:mmmm^m ( e *iii5^**mo < t^m*: i 

Tgl#3-^) tc^lt^tvfco Sf6#-^i^^ PERM 
B P - 7 3 0 O-CfcSo 

[0 0 2 2] ^^^rifz^^mi^^^^^^v-r—^m.^^ 

^m^yl^A^tdi^mmjUiOB (pKF2072) 2 0 0 0^9 

.^13 Bi^xmmMm^jim^m^±^T.^jim^^i»M 

(0:*:H3c4*mo<{^m*lT@ l#3-^) 
$n:fco SS^#-^t*> PERM BP-7 2 9 9tffo 

So 

[0 0 2 3] v^:^^ -i^— if jo i: t/^ <0 itfe^ 

tc^t^U. 2J[^.^^05>^4^Se^^3^«S±t-^A-C#'5 

[0 0 2 4] ^^m^Z^yt^i^^^-'^^t.. ^^mi^:^^ 
i^^'r-'ii:k-^y'^^y h ia^y^z:^y h) (BphA 



1). ^^m-^^^i^^'r—ify\^'t:/^=^yh i^-^y"^ 

=^yh) (BphA2)^ :7 m U K^^.v^V' (ferredoxin) (BphA 
3). 4ocJ;t/:7 3i U- K=^i>'>'Uyi^ if (ferredoxin r 
eductase, SU^ : NAD (P)H- ferredoxin reductase) (Bph 

[0 0 2 5] *:^^^C:feV^T^iv ^mm^^:t^i^^'f'— 
ifjj: (1) Pseudomonas pseudoa 1 ca 1 i Renes ^^<D 3? # 

10 %:mmti.xm'r^t<D^^i^. ^xu^ (2) gurkhoid. 

eria cepacia LB400 W^^<r>\^y :^=^/i^i^:t^iy^'r 
— if(c:tA^o-Ca-ih:/^^5' h ;&>gfc^ ^ ttfc Pseudomonas 
pseudoa 1 ca li genes ^^(^S^g^v^^^v^y-^— if (modi 
fled BphAl-BphA2-BphA3-BphA4 )Xh^ :l t :^^Xt 
[0026] (1) Pseudomonas pseudoa leal i genes ^ 

'^^Wi^yt^^^'f' — Pseudomonas pseudoal cal i 
genesS^feCOfc'P'ai^/U^^^^^riy^^— if > ^tCl Pseudom 
onas pseudoalcaligenes K F 7 0 7 *fe^5l5<0 fcr:7 m^n/l^ 
20 if (BphAl-BphA2-BphA3-BphA4) (A. Suy 

ama, R. Iwakiri . N. Kimura, A. Nishi, K. Nakamura. 
K. Furukawa. J. Bacteriol . . 178.4039-4046, 1996) 

xh^:Ltfi^x^s^o 

[00 2 7] Pseudomonas pseudoal cal i genes KF707 ^ 

2. 4. 6. *5<tU^8tc|E«cCOr ^ yg^ifiJ^JT'fc^wi: 
30 [0 0 2 8] :^^P.^(CjoV^T. iE^lJ#-^2. 4 . 6 . 

^ (0iJx.*^. l'-^^®coefi:^)^WUTV^rt»J:v^o :i 

(Dm^^^ esc^$i^rv^rt>ctv^ia?|J#■§■2coT^ y®gia 

V ^T t> J: V >iE^(J#-^ 6 (DT ^ y ^Sa^^tiji^ P> S :7 
UK=¥'>'>'> :}oJ:a^ec^$tLTV>Tt<tV>ia^iJ#^8(7) 

40 /.^ -5 4 mm-t^^m v^:^^ v-^jt*-:?— if w-r^o 

[0 0 2 9] *:^ig{c*5V^T*i. ai^:/^=-5/ h;^^ SB 

^ij#-^2(Z)r ^ y^ia^u^:fcttia^ij#-§-2<7)r ^ y^ia 

^ij<i: 8 0%iiX±. »^L< t:i9 0%J!^±. J:t)»*L< 

(iia^U##4 COT ^ y ^ia^iJ i: 8 0 %^±.. »^ b < 

9 0%i^±. J: J9$f^L< (i9 5%J[^Ji. 
-r^T^/®&ia3^J:6^b?:^«9. :7 3: u K=3e>'>;i5. ga^ij# 

# 6 cor ^ y g^ie^j^^cfiia^j*-^ 6 (75r ^ y KEi^j ^ 

50 8 0 U < 9 0 %|^A_b. i: t) b < 9 
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>?ij*fcJiia^'J## 8 COT ^: y m^^n ^ s o 

L < 9 0 %iiJL±. <J:«9»^L<«9 5%J|^_h, OtBI^ 

[0 0 3 0] 2p:^*fflS^C:^oV^T r3S=#^v;^;^^v'>/-t— 

[00 3 1] (2) ^m^^mi^y^^i^V-i'—'^ (modi 
fied BphAl-BphA2-BphA3-BphA4) 

:*:^^t-<J:'555=*^v^:^=^'>y-^— ^fi. Burkholderia 
cepacia LB400 ^S^I^CO l::':7 znz^/U-v?:^^ v^y^— if 

fc Pseudomonas pseudoalcal igenes ^3i<&<^ fc*:7 31 
^^v^^"^ — if % 4# t^ Pseudomonas pseudoalcal iRenes 
KF 7 0 7t5|c*5|50tf 7 3l::^/^>^:^=3s^v^^*:^— if (modif 
ied BphAl-BphA2-BphA3-BphA4 ) T'fo ^ ^ <i: ;i>^-e# -So 
[00 3 2] V^<>X Pseudomonas pseudoa 1 ca 1 i genes KF 

hti. Sift. ^A. ioJ:m^^}0;^-b^c^'5i¥:d^«b3M 

. ;^^o Burkholderia cepacia LB400 

y ^la o T&^;e>s ^ ttfcia^ij x- s r t -c # 

-So Pseudomonas pseudoalcal i genes KF707 ^5t5COt^:7 
So ro^-^. Burkholderia cepacia LB400 ^S5l5(7) 

ixr V ^T t <t V >ia^U#-^ 4 cor ^: y ®&sa^ij;5^ b -5 i3 

[0 0 3 3] Burkholderia cepacia LB400 ^^%(D a 

% Jf^^W^^^^ht^X^^o Burkholderia cepacia 
LB400 ^^^<D\^y aLz^^fVV'z^^^y^'T—^'&B.^^'. 



j-^cgtP'b bphAEFG 3te^C0p^>:' U::^^ Kga^'Jf^ GenBank 

accession M86348tCM$i:^ ^^-CV^-£)o 

[0 0 3 4] ;*:^P^(C4ol/^T r Burkholderia cepacia L 
B400 t5fe*5fecOb'>^^^>'^v^::^=¥i^y':^— if<^a1^>^^ 

Pseudomonas pseudoalcal i genes KF707 a 1^:^-=^ 

=^yV cor ^ y @eiB^'J h. Burkholderia cepacia LB400 
m^'^(r>GL-^'f=^=^yV<r>T^j^^WM}i'^)^Wt\^. Bu 
rkholderia cepacia LB400 a 1^:/^^ 5/ hCO 

10 r ^ y I^^S tBiSUTV^S Pseudonionas pseudoalcal i 
genes KF707 S3t50 a -t^:/^^ 2/ h CO 1 * ^Tc (i^SJgci© CO 
r ^ y^^S^. M jgj' -5 Burkho 1 der i a cepacia LB400 

w^^S*i-'5o MjiS^-r S Burkholderia cepacia LB400 
tt^^<^5a1^r^^^2/ bor ^ ySe^S3&5:fiF:fcU/j;V^ 
Pseudomonas pseudoa 1 ca 1 i genes KF707 

MJCS^i" 5 Burkho 1 der i a cepacia LB400 ^^^(D 
a1^>^^=^:y h<7)r ^ y ^^S255#S£i"S;i^ Pseudomo 
20 nas pseudoalcal i genes KF707 a 

r 5: y®&^S^5#^EL/^v^^^^c:^l, Mi^t^-r S Burkhoid 

eria cepacia LB400 t5fe*5feCOai^:/^^5/ hor ^ J 
^^^^ff A-r S r i: ii^X^ So 
[0 0 3 5] Burkholderia cepacia LB400 ^feJfeCOa 

^^:/:3L^2/ hcor ^ yS&ia^J{;it2^o-ca:^^nfciB^i# 
-^2<7>r ^ yg^ia^iji: UT(i. gB^ij#-^i ocor ^ y®e 

[0 0 3 6] ^^lii>:^=^rv^y'^— ifcOft5i{bti^J;tf** 

30 [0 0 3 7] Burkholderia cepacia LB400 l^feJfeO tf 
:7 3i^/^v^;^=3rv'^':h— if ::^i^>^^^ 5/ h ^ — K-T 
SDNA^ Pseudomonas pseudoalcal igenes KF707t5|eS5[5 
CO t*^^::^/^e^:^=3rv^^^«-ifO::^i^>^^^ — 
K-rSDNA^. #tjlco:7^>'^>'^gB^iJ;6>b>'.^SbEhAl 
:/^>r-^-^fflv>fcPCRtcJ: frj^gt-rSo wttb 

^DnaselT*:5^^L. 10-50 bp DNAe^/t^IslliX. ti^-^ 

iryw7:7'^-< ^ >i/PCR. bphAl tT'^-T -r— 3Sr;^jDx. 
fcPCR^trVV ^y^Mz.T'^ y S^ia^'J;5^AtL#:bo/-c 
(DNA ->'^:7 U >^^^M>»<7>^y 7 bphAl ^#S(llte^rtJl 

[0 0 3 8] ^# b ixfc ^ y 7 bphAl ^ bphA2A3A4 

li ;r =^ iy if tiss -r s ^ y ^ ^ 

A?gtt) ^P-<So ^#:Ki^{k7K^<7)^«ltg^*t«tcU 

50 j\m^xy^y^^ ^^"^ v^^n^^^^^tt^x^^. 
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[0 0 3 91 m^it^titzmi^^^n-oMn^^i^<oo 

-r :i t7!)^t^^^<^fc. ^(T^-y'y ^ KpKF2072(::'g'^ix5& 
^iyhite^ (modified bphAl ) (7>t6SiB^J*5 J:t;^3 — 
tl^mr)X*h^.Z<D^m^tlf:La-^y::^=^iy BphA 
1 (2072). itg^^ bphAl (2072) tl^^m-^^^h^.Bp 
hAl (2072) Ji. St*P^ pseudoalcaligenes KF707^5[5 
(Ot'7 3i3^/Vv^::d-=3*rv''$^*:^— 1f:^i^y^^^y h (BphAl io 
(KF707) t^^m^ti^h^) t4T^ymm^J:oX:^tS 
0. :^<^M^B. cepacia . LB400*3fe<O If 7 

/^'v^^^v'y-:^— if::*Ci^>^^^:y h (BphA (LB400) ^ 

"To 

[0 0 4 01 l^W^\^^^W&^(r>%W^fiiWmz.^^i^ 

m^^mmt^^ ^ /c /w-jj^ ^ ri;^; ^ 20 

Xi>X^\ 

[004 11 ^#^e^^=^'>y-:?— ^ite^J*. 

[0 0 4 21 3§^^^v^:^=^v'>5^-:h— Ift-fi. _h^Oj:^ 
(31^ (1) Pseudomonas pseudoal cal i genes ^ 

iii;?>f:3r J: u^^^^ v^2^^ v-y — -^^^^ 

^m^tLXm't^^(D^'^i^. ^XV^ (2) Burkhold 
eria cepacia LB400 W^^<D\i*>^:ii=^Ji^i;^:t^iy^'r 
—^{Z^l^toX a-^y=^=^y h t^^^ ^ tlfc Pseudomonas 40 
pseudoalcaligenes ^ 5fe<D3S=#^ "S^— if (modi 

fied BphAl -BphA2-BphA3-BphA4 )f}^'^t.fl^o ^^^v? 

ga^ij#-^2. 4. 6. 8. J:U^ 1 OC^T ^ y ^ga^iJ43 

bVt. ia^J##l. 3. 5. 7. *3j:U!9CODNAia3^i 

CO— gp^^ci^i^SiSic^D^. IrI— cor 5: yg^^=i— K-r^ 50 
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^fS-fs R N Ais^j >b-s-*nSo 

[0 0 4 31 ;*:^P>^tC:^V>X*:i. a i^^^^ h ^ =I-- 
K'rSD N Agaj^y;^^ ia^ij##i (ODNAia^j^ycfiiE 

c7:>DNAia^iJi: 8 0%J^±> $f^L<t:i9 0% 

NASa^iJT'fc'^ . j3i^:/^^^y f^='— K-f-SDNAia 
. SE3?iJ#-^ 3 (O D N Aia^iJ * ^iga 3 D n 
AiajlJt 8 0%ieJl±. L < 9 0 %Ji^_h. 
L<fl9 5%^±. (7:»ffl|^ti^W"r^DNAia^lJT'^ 
t). P^ji U K^v^^'^^^^ K-r6DNAia^iJ;6^ ga^ij# 
-^5(ODNASe^lJ^/ci(iiB^'J#-^5<7)DNAia^Ji: 8 O 
%tXJi. itf^L<(i9 0%j!^±. J:'9»^L<ti9 5% 
J^iL±> (^ffil^tt^^-rSDNAiBJJJ-efc^ . 7 3iUK=ar 

^— if ^=3— K-t-5DNAiajiJ}aN iB^>J#-^ 

7 0DNAga^y^fc(iiB^i#-^7.(?>DNASB^Ji: 8 0% 
A^±> ^^U< fi9 0%JeJl±. J: •9»*L<tl9 5%JeJl 
±. <OtSllH±^*i-6DNAiajlJ'efc«9. CliXib<7)DN 

[0 04 41 Pseudomonas pseudoal cal igenes KF707 ^ 

^>5,_-i^;^=x— K-r-SDNAia^yji. ^tb^^tt. ga^y# 

#1, 3, 5. ^X.XI7 X^^:^tiy^X^ Pseudoino 
nas pseudoalcaliRenes KF707 ^5fe<7)^^^ v?;^:^ 

ifite^^. -Tj'.^t?*?. bphAlA2A3A4 Sfe^^^t^SiB 
GenBank accession M83673tc:^^$ ttTV 
[0 04 51 Burkholderia cepacia LB400 a 

i^:/^^5, h<7?T^ y®^ffi^yt;ifieorefe^$:h.y^gE^J# 
■^2(or 5: yg&ia3?y$r=3— K-r^DNAia^y^ urti. 

[0 0 4 61 jgfe^c^^ A J: t5jt^^(0^m 

[0 0 4 71 ^^0J(;ii:^^m-^^i5'^(7)^||(D^|Ilj6 

*3J:0^^^ti^ ««Jxf^> "Vectors for cloning genes". 

Methods in Enzymology. 216. p. 469-631. 1992. Aca 
demic Press. *3j:U«. "Other bacterial systems", Me 
thods in Enzymo 1 ogy , 204 . p. 305-636, 1991. Academic 
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Press . ^XXf. ^m^, S^S^ m. MB^^^M 
g^-^=^^T/u. 1994. mWi^%:0mx*^^o ff^eifti* 
(Dm^^^rj^^^i^i^. m^lt. Sambrook, J.. Frit 
sch. E. F., Maniatis. T. , "Molecular cloning -A 1 
aboratory manual." Cold Spring Harbor Laboratory P 
ress.1989. ^fciit, MHfeA ^ffi^^^M. LIST OF CU 
LTURES 10th Edition, 1996^#R^r*# 

[0 0 4 8] :^mmi^X^^^-<^ ^-it. ^Jx.f^s ^ 

[0 04 9] 

m&'T-<o^±->^<om.mmA^'XiMm^mii^vt^xn y^t 

r^X^^o 20 

[0 0 5 01 :*:^^tc*5VNTffiV^-5r 

[00 5 1] ( 1 ) 

n^i^^Msm^j: t^-rx^z.m±^tifc\^ ^ < <:^t^<D^mm'^^ 

ip^^^s •?:n^ffiV^r^T^f^J:V^ m^yt. J.Sambroo 
k, E. F, Fritsch, T. Maniatis, "Molecular cloni 
ng -A laboratory manual . " Cold Spring Harbor Labor, 
atory Press. 1989 #^>) o ±mW^XCD^^^Bi^(D^ 30 
m(iS&l-^*^oTtT;itictl/^;65 m7L\^. "Molecular c 
loning -A laboratory manual . '\ Urd^Xj^^ iSfi-^-^^ 
*g^-^^^r/u. itlS^a ^ pUC^-^pBluescript 

^^(T^lacgOT^P^"^— . pT7-7*<7?T70:/p3 

[0 0 5 2] ( 2 ) ^j^H 
Streptomyces lividans ^ < o;^l^^OS^CllMH^ "fX 

iJ'^— pIJ6021 ti. ^^Mi4-^-;^--a^^i: LT 4o 
^-r-rc^V (Km) 14i4Ma^^*LT*5»P. 5=-:^^ ht- 
:/h^^ (thiostrepton) X^M^t^V^ tfi^X% ^ 
(E. Takano, J. White. C. J. Thompson. M. J. Bibb. G 
ene, 166, 133-137. 1995 ^M). 

[0 0 5 3] ( 3 ) 
S^^Saccharomyces cerevisiae '^<D^^iAB^(DM'7< 

fed. 'J j^m^h^'rx\z.mtL^Mz.:)jmt^'h^ . ^ 
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PGK GPD ^O'T'n^— ^5^— ib^^t/^ — 
S. cerevisiae O^^^ — . -fi^tJ^lJ^^ YRp^ 

-^^j'^-) . YEp* m^(r>'i ii jsimmmWiUM.^^^ 

l9jt#i£fJs 4^*tt/. Yamano. S.. Ishii. T. . Nakagaw 
a. M.. Ikenaga. H.. Misawa, N.. "Metabolic enginee 
ring for production of ^ -carotene and lycopene in 

Saccharomyces cerevisiae". Biosci . Biotech. Bioc 
hem.. 58. IIIZtUM. 1994 #fiS) o 

[0 0 5 4] ^-©Candida MX.\\is^<D^^^B^<OMK 
mt.^ i|#r?l¥8-173170#^«{Ct2^oT*l®-C#5o 

3170-^^i^^tCffiSc^tt^GAP. PGK^^j: jfO^zfu ^ — ^ 
[0 0 5 5] ?l^gfelfe($:<Oi##> SgO|gm^JCt> 

^Z^tii^X^^o :^<OU. ^^mBi^x^^^mn^y:^ 

x:^wmnt-m.WiX^^, i^mmh,\^x\t. w.w^^mt'^ 

• 'bigUrv^'So l«*iaStil6'-'40t:. #(C20'-30t:;5>s 
ii^T'fe«9. it*4^cO^i|il(^pHri4'-'10. #(CpH6'-8(c: 

f*:^0D600 xmiy^ W^^Xm&^^tLm^lYl^XmMrt ^ 

*(c^filt»a^n^o ^«loSffi(i..HPLC5)'«r(wJ;«9§g 
[0 0 5 6]. i^^Mi^<^)HPLC^«f (c:*i«/r (^:^fe;6Sii^ 
lr><D:fy'7J>>XS^mmc^m^^^(iCi'±s ClS;*^-^^ 
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[0 0 5 7] -m^. ±mm^t^ibt'r^^<<Dis$i^^ 
ti. iS'^5o%(o^v±^—McmmL. -70 — sox:<d 

[0 0 5 81 ^fiici^comSl^f^^ 

[0 0 5 91 ^^i^(ittm<?5iiSi;i^-:5v>Tm®l-r^ :i 

[0 0 6 0] ^m^\^%fzMmo:>mM\^^^\i^xnm^ 

m fmmz^xmm ^^^^^ti^ziXox ^^^^ s r i: 
ii^xt^o z.<DXoii^\^xmhthfz^^mm^^u&m 

[0 0 6 1] ^(OXolt^L-Xmhthtc^J^m^m^a^^ 

xm^^t>'^Xi^^m\B\iscn:^i^x\f\ 
;^^i:>'txmm'r^ c t ti^xt 5o 

[0 0 6 2] ^^i^CO|^:fefl, 1H-NMR*5J:U^13C-NMR^ 

[0 0 6 3] ^^^ib-^^ <fc rjTi^mit ^ thtimmmit 
^^mmm^^^^x mmmit-^^i tn^^^\cmmm 

[0 0 6 4] 2|s:^*fflSt;i*3v>r r^^m^Sj tJi^^ 
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[0 0 6 5] r^g^ig^Sj <O^Ji:L-Cti. Ci-4 T 

[0 06 6] mmm^mi ^m^'r^mmm(oMci^^ 

^/ufy -:^>-, fc'y5:>?>', t^n— t'^y'— /k 3 
^^-/yvi^^ '=f"^y:s^iy^ (4H — ^u;^:^ 

So 

[0 0 6 7] ^^iift:'^i^4>^01^^^^S;^^5-<>'^/=^1^ 
mn^^yt c i s - 4 , 5-i;?fc K^^>'y^r■!^y— /l- 

[0 0 6 8] It^it^b'^^^^'olS^^^^^d^^ :^ 

[0 0 6 9] 1S^?i^k:'&#»*c^1SiK^^S^5 tf ^ 

[0 0 7 0] 1g^^>fb^^4^t^1S^^^S3^)^ y v^^x 

feS^#. TKS^ik^ix/c^^^ib'&^^l^c^lS^^^Sii 
3-t Kndrv/t^y e^^^'X-feSd^JiSX^So 
[0 0 7 1] m^m^b-g^i^4^<7)^^ii^S;65-<>>^^^ 

^i^/yy >x^^ ^ ^ ^^xt So 

[0 0 7 2] ^*^{t:'g^ife'*'<7)^S5RIS^S;65^:^>r^> 

>'Xfos:i ^;e>5x#Sc 

[0 0 7 3] mmmit^m^. mm^^m<Dmi,^^m:m 

(Dy =iLz^ji^m^^\^x\^^x hX< . ^ 

(I ) 

H e t -A 1 k y 1 -R * ( I ) 

40 H e t nmmm^m^mx^. a i k y i 

-^fci^mm^ 1 4 (oi^m\^x\^^xhx\^^rji-^u>m 

X^So 

[0 0 74] 1S5g«{k:-g^i»?ds^( I )X^^m^. :^mt 

H e t -A 1 k y 1 -R ^ * ( I ' ) 

{^^^ He t :JoJ;U^A 1 k y 1 ti^ ( I ) X^fe^Uyt 

p^mtmrnxh^ . ' tiTias-. 

[{Ii2l 
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OH 



XX 





OH 



OH 





[0 0 7 5] ^ ( I ) ^XXJ^^ ( I ' ) tCl^Dl/^TA 1 k 
yni»*L<(i- (CH2 ) n- (ntiO~4(DS» 

[0 0 7 6] A 1 k y 1 ^^f^^^^-tt^s 'iryj:i:>hn 

t>ox*h^t^. mMmit^m-^. m.mmy=^=^^\^. -r 
\.xm.mn^~ c i s - 2 , s-v^t Ko-o-if^- 

(li^^S- c i s - 2 , K^v'v'^J' 
c i s -v^;d— ywtc/.gofet>co) ^AZ:i^#^6^^lS?lc J: 



[0 0 7 7] A 1 k y 1 l-'^^-CfcS ^ ^ , i'^'^i:?. 

r-^b-ss-^. Rii:^m^tLxmmmm-;^^\^:y-c_± 

^U>- c i s - 2, 3-v^fc: K=¥^>^>iJ' c2^:3ri^- 
[0 0 7 8] ^ ( I ) (Ci6V>r H e t :^ K— /UT-fe 
[0 0 7 9] ^ ( I ) ^;ljoV^TH e \,ti^\f^V—f\^X^ 

^h^. i^m\:.^MzMMm\:.^m\%^ (I) (Oit^!^ 

[0 0 8 0] g^p^D^lb^p^pCOMittCiol^Tcis -v;^ 



20 



30 



40 



OH 



^bi^TV^^, (^J^t^. T. Hudlicky. A. J. Thorpe. C 
hem.Coramun.. 1993-2000. 1996. D. R. Boyd. G. N. Sh 
el drake. Natural ProductReport . 309-324. 1998. t. 
fc\^ T. Hudlicky. D. Gonzalez. D. T. Gibson. Aldri 
chimia Acta, Vol. 32. Number 2. 35-62. 1999 # 

[0 0 8 1 1 mmmit'^m\t.^tL. m^^^s^^iini-s 
^(11) 

H e t -A 1 k y 1 -R2 (II) 

(^4^. H e t ^tmmm^m^^i^. a i k y 1 1*^-^ 
^fcnmmwci'--4<D^^\.x\^^xh^^^r/i^^}y^>m 

g^^nfc:7^n/u^^^i-) ^^-rz.t^^x^^o 

[0 0 8 2] (I I) {CioV^TH e t fi-<>^>^^1^>^ 
[0 08 3] (II) ■CfcS:©'^^. tK 

ge^b^tvfc^m^^b-^^ti. ^ (I r ) 

He t • -A 1 k y 1 -R^ (II') 

{^^. R 2 :^XXfA 1 k y 1 (II) T'^^Ufc 

iHmtmmx^^ . He t' {il*/c(i2 07K®^^tca: 
^ (I r ) c^^fb-^^fi. 7Kg^S:d^m^^^Sl-^A^ 

[0 0 8 4] ^ (I I) *3<tt;^^^ (II') ^C^oV^TA 
lkyni»^L<(i- (CH2) p- (p(i0'-4C0 

[0 0 8 5] ^ (I I ) lC:JoVNTH e t 



50 



-g-, ^ (I I ' ) ^c:^oV^•rHe t ' fi4, Kd 
[0 0 8 6] ^ (I I) ^C*5V^TH e tt^\l^V i^l^^^ 

R2 ^S4-7«^/^::7^— /V'^r^-rS'&x ^ (I 

I* ) djoV^-CHe t * ti3 - 1: Kn:3f-v't:'*]; i/>-Cfe 



II 



II 



(15) 



0 0 3-2 6 9 
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[0 0 8 7] mmmit^m-tM^z'^fz. mmm^m<Di^ 
it^m\'i. ^ (I I I) 

H e t -A 1 k y 1 -H (III) 

(^^. H e t \^mmm^m^m\.. a i k y u^jk 

i'Zt7!>>X^^o He t {i:^>yy'7>^tcii't'^:ty 



[0 0 8 8] 



^b^4^7i^^ (III) Xh^ 



H e t * -A 1 k y 1 -H (III') 

fzmmm^m^mx.. a i k y i ci i n x*^m 



2 — :7 3l:=./^"<V>^:^1^y^/^ 



2 — :73i:::i/^hf y v?^ 



3 - 7« ^/^- 2 - :7 zn n/W fc" y 



.•II J' 5 ^ 



10 



1 — :7 /U 



1 - :7 ^ — /u t° 7 



3— 1 — ^oi^/ue^y"— 



3— 1 —-7 



2 --<:xv^/ut:'i; 



28 

[0 0 8 9]^ (I I I) *3 J:tJ«^ (III') ^::*5V^ 

r A 1 k y U^$?* U< fi- (CH2) r - (rf^il-- 

[0090]^(III) t;i*5V>TH e t t^^^^^y 
^^m-tm-^s ^ (I I I' ) ^c:^o^/^THe t' ti3- 

[0091]^(III) ^c4oV^THe t;55^:^7 3i^^ 
^^i-^-^^ ^ (I I I' ) ^C:}oV^-CHe 2 . 3 

-v^t Kndev'-2. 3— v^t a ^:ty a^^X^^ Z 
tf)^X^^, 

[0 0 9 2] ;^:^^>g^c<t'5i2iitife^ciov^T. mmmit^ 



[0 0 9 3] 

3- (2-^y y /v-) - 3. 5- 

n^:3ri^i^^i^— 1 , 2 - v^:^— 
3- (lH-2--f V Ky /1-) -3, 5 

-^'ri^ 1 ,2- 

2- (lH-2--i'>^Ky/W:7ai/— 

2 -:7;ii=./i^— 1 H— 5 --Y :^ Kd— 

3- (5, Kn:35^v/- 1 , 3- 

3- (1 , . 3 -^>^>^^Ty'— /U- 2 - 
-f/U) -3, 5-->>^Pi^:^ihi;^:n>- 

1,2- v^::^— 

3- (1. 3 — <>^y':^^'y-y— /U- 

-3, 5 - V'iJ^ n^:^i^V? 

3 - ( 2 - e y v^/l-) - 3 , 5 - 

3- {3-p<^/V't:''y K-Z— f/i^) 
-3. 5 -^^^ D^=^ri^v^:3l>- 
-l. 2-v^:^— 

3- {A-yf^} -3, 5- 

n^:2ir-f^^:^3ii>— 1 , 2 — v^;?^— /i^ 
3- (IH- 1 - fc:°D y yu) -3, 5- 

v-^ ^>-v:^i^v>^>'— 1 , 2 — v^;^— 

3- (3 -pi^/^t'^V^^/^— 1 — 
-Y/V) -3, S-t^iJ'n^^-y-v^^i^^ 

- 1 , 2 - v^:^— /V 

2- (3-;^^/^t°7>^— -'l^- 1 - 
-T/W) y:sLj-'}V 

3- (2 -t:°y v^/V-T^^/W -3, 5- 



It 



II 



(16) 
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29 



30 



1 -'^✓^v^/W ^ 



4— ov^/^-r y^^Tv^— 



4 \^^r-/—)v 



2— (2-t Kd=^'>>^ 



2- h y/u) ey v^>- 

2 - n_-y^yu^:^'y:7 7>^ 
2 - n_— 

[0 0 9 4] 2^:^^^:::fo^V^Xffi\/^^ - 

Kfi. ^n^*:h.^ (I) 4yJ:t/^ (I' ) r-^-rr^;05 
T'tSo Z.<Dm^^ (I) *5J:UJ^ (I' ) (CiJoVN-C. 
He tfl. i^n^V (4H-:J'n7<>'-4-7}->^) ^^c 
o-r 4 — 6— t Kd drv'— n-x''^'— 4 

[0 0 9 81 *:^igtCioV>TffiV>-5wi:>5S-C#5li 
ft::. fiaj;tt^. 2- ( 1 - y' zc^yuoi^/u) -i. 3 — T 

y^^^ K— /p-<^-v^;^-:^*3<tr;5 2- (i, 2. 3. 4- 



3- (iH- 1 y >'^p«/^/^) 

-3, 5-v'^cr^:5r1^v^:3^>'-l. 2 

3- (4 — ry^ryy/u^^/W') . 

-3, S-v-i^ n^i^r-y-v^^^'- 1 , 2 

2- (4 — r y^r y y /i-T^f^^'^) 
:7 31 y — 

2- (2 - fc Kt3dE^'>:7 3i=iyu) 
-4, S-v^fcKn-l, 3- 

2— (4 -^^/V'7 3::=i>^U) -3 — 

t" y v^Th— 

2~:y^/^-^^^y [b] :77i^— 6 — 

4 — ^=^r->/U-2, 3-v^fc Kp- 
2, 3 — ^::^:7 3i>'€x:;e-— 

[0 0 9 5] 7K^{b^tv/ci:7^7i?y ^ Ki: LTIi. :7-7 
7J</-<K<^2' . 3* -v^t Kndj^v-^:, 2' -tKi^ 

3' --^fc Ka^iy77?i<:^. 3' — t: Kp=^^>:7y3l< 

2' , 3' -e;!^t KD^v'>^^''^y 2' , 

KD=3irv'>^7>''^y 3' — t Kc2^ri/:7^y<y 

2' , 6--:^t KDdE^'>:7^>^^y V'. *3J:U^3' , 6- 

[0 o 9 6] *^9^^Cct^ffiiJtfc^-*5v^r> >^^>j<y-r 

[0 0 9 7] 

7Kg^jb$nfc:7^;i<y-(' K 
2* , 3* -v^t: h*^^->yv^:^ 

, 3' -i^^H h*a^iyyyy<y 

, 6 — ix^fc Kn^i/':7^/<y > 

/u-Y ^ K^jgi^Ji, ^ti'eti^ ( I ) *5<tt/^ ( I * ) 
-e^-rr i:;55-C#^o CtT^^-^^ (I.) *3i:U^^ 
(I* ) tcioV>Ts H e t (:±^i5'/u>r 5: KT'fe5 w 

[0 0 9 9] T^mit^ntz^^m^^^^y^/^^ ^ k 

n^r^b^ttyht Kndei^ft:, W;tf^. 2- [1- (4 
— fc Kc3 dri/y^:3i^/b) ^^yw] —1, 3 — ry-<:/K 
— /U-Y^v^:^:^43ctTJ«2- (4-fcKo^^>-l, 2, 
50 3, 4 -7" h^-^^-f Kn- 1 U^/P) -1. 3 



2 
2 
3 
2 

3 



II 



(17) 
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[0 10 0] ^^i^iiUi-sfiiitfttcisv^r. 

2- (1 ~ -1, 

2- (1, 2, 3. 4-7" b^-'^^f 
n- 1 — yb) -i, 3- 

[0102] jg^l^;^ J\-^- X Xfi^mt ^ titi^m 



[0 10 3] :^^>g^l^^c::fc-v^T T^^J^^b-^^J (7:»=ir^ 

[0 10 4] ^^m:^^^y^>m^-i.x^Mc»&i\^\'X^ ^ 

(IV) 

R3 - A lkyl-COOR4 (IV) 

(^4^. R3 ti^gi^^^^^S^^L. A 1 k y Mi 

[0105] R 3 L < *i^^fp<^ 5-7 m.Mm^ 

i-'ryh-<y^m 4 

1 -i->^^/l-g^®& 4 
1 -•:^:7^y^g^^ 5 

(in 9 19 T-&5o 

[0111] Burkholderia cepacia LB400 ^}^^<D^ 

ttfc Pseudomonas pseudoa I ca 1 i genes j|S <7> fc^ ^ ji -^-/U 

(modi f ied BphAl-BphA2-BphA3-BphA4 

)\'X±M<ommmt^m^'t^x7^mtx^ 

[ 0 1 1 2 ] pseudoalcaligenes KF707 S5fe<05?# 
ilv^;?J-^v'y-^— if ( BphAlA2A3A4) ^^m^itTttbtV 
TtiS^^. M>!rOlS#S^k:-^^^^lfeT*#So p. pseud 
08 1 call genes KF707 ^M<D^^mi^^^i^y'r—^^ 
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[0101] 

3 2- [1- (4r-t Ko^^iX^^ai^ 

/w) ;n^/w] - 1, 3 — r y-f 

K 2- (4-t: Vu^iy-l, 2. 3, 
^/u) — 1 , 3 — r y-Y :^ K— 

[0 10 6] i^mit^t\^t:.^^m^^^7f.^^m-x. ^ d 

v ) 

R3' -Alkyl-COOR* (IV ) 

(^q^, A 1 k y 1 iQj:i;^R4 *iHijfaT*:^^ufciF^^^ 

l^ftT-fo'P. R3 ' *ii*7tti2 07K»S{c:J;t)g»$ 

[0 10 7] R3 ' (:iif^U<{il*fcfi2(07K^S(C 
20 it) M^fe^tufc^^ftio 5 — 7M^^ttj^^^^S^7t 
ti^t&?P<^ 9-11 *— ^ttjg^^^^S. J: «9 L < 
1 ^ ^c(i 2 (7)7KS&S(c: J: t9 e« ^ ttfc >^ ^ :=i/u*3 J: t5 

[0 10 8] ^ (IV) ioctu^^ ( I v ) ^c^ov^rA 

1 k y ni. L < Ji. ^-g*. ^ U^-. fcfi- 
(CH) (-CH3) -^S-To 

[0 10 9] *:^?^^cJ:eKitS^(c:43V^T. 

30 "C^ 'So 

[0 110] 

[0 113] 2^%^^cJ:n(^1g*^<fc;'&i^tC7K®fS^» 

( 1 ) Pseudomonas pseudoa leal i genes fej|i£<?3>3?# 
^ i;^;d-=^ J: T/5?#m i^:^^ v-^-^— ^f&tt 

^*fic«^i: LT^-rS^<7)a:^i^. 4oJ:t)^ (2) Burkhold 
eria cepacia LB400tS!^*5l5CO t':7 oi r^/Uv^:^=3f- v'^J^-^— 
•^tCltl^o-C ai^y^^ y V t^^'^ ^ tb/:i Pseudoinonas fis 
eudoalcal i genes fe5fe<^3fg^ v^^d-:^r v'y*:^— if (modi f i 
ed BphAl-BphA2-BphA3-BphA4 )f)^^%f\.^o 

[0 1 14] ^^m\^^t\^\'^^f^. ^mmt-^m^i^m: 



(I 



(t 



(18) 
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v^j^^-^v-y-^— iftCti, JiaiOipd. (1) Pseudomo 
nas pseudoal cal i genes ^ ^<D^^M jy^-^—^ 

^(D^^i^s id^Xf (2) Burkholderia cepacia LB400 

:3.:=.y h fA^^ ^ jfc. Pseudomonas pseudoa 1 ca 1 i genes 
S 3l5C03S=S^ t^^^^r v'>/^— ^ (mod i f i ed BphAl -BphA2- 
BphA3-BphA4 J: ^^l^i^tct^i, 

[0 115] 

10 116] rClT'^V^P>tL/ciiS<^Jife^alfex.llS^ 
ti. m^mR^tiX\^^fj:\^^m^\'i:. mmmj::^!^ (Samb 
rook. J., Fritsch, E. F., Maniatis, T. . "Molecula 
r cloning -A laboratory manual." Cold Spring Harbo 

r Laboratory Press. 1989) ^-C V 

[0 117] mmmi ::kmmmm.m::^y:^^ h*(Dipm 



1-1. Pseudomonas pseudoa 1 ca H genes KF707 S5t5<0 bi 
phenyl dioxygenase iSfc^Sr'&tf ^ K 

Pseudomonas pseudoal cal i genes KF707 ^^(O bipheny 

1 dioxygenase ififi^S^ ( bphAlA2A3A4) ^ :^BiSI^^ 

§itS:^f^(c^Ai-^r ^rtdj: 19. ±mm\^isi'f^ bip 

henyl dioxygenase itfi^^m^^^^^^ KT'fc^pKFG 

7:;ry— Kfti: 5' -CCGAAnCAAGGA(^CGnGAATCATGi4gg7lRGC-3 ' 
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622 ^i'^mi^fZo X^Mrt^ma-X^ bphAlA2A3A4-bphB-b 
phC aSe^W^'g'tf6.78 kb Xhgl »f)t (A. Suyama. R. 

Iwakiri , N. Kimura. A. Nishi , K. Nakamura, K. Fur 
ukawa. J. Bacteriol . . 178, 4039-4046. 1996. iitc 
(i. GenBank accession M83673 #fi^) ^pUCll8(7:>XhoI 
^fiz:iC»AL/:io ^t-. bphB t bphCF^ ^ fzt^-^X 
L-CV>yb.l.43 kb PpuMI^>T-<£r. PEuMH^^b. re-ligatio 
n{Z^^X^^'^fZo rtLtCj:»9. bphAlA2A3A4 
<^)^^-&b5.35 kbWT>i-;&5pUC11801ac>^ci^'-:$'— <7:>ii 

pKF6622^»yho :i (?5pKF6622^:^^MJM109*tC^A-r 
-5ritCj:0#ibtt^?l^»tetfe* (Xmm (pKF662 
2) : PERM B P- 7 3 0 0) ^JeJLm<75|li^(C^l^ 

[0 1 1 8] 1-2. efi:^biphenyl dioxygenase JtS^^ 

Burkholderia cepacia LB400 ^S^feCO tr:7 v?:^- 
=^v^^-:^— if Ki-5DNA ( bphAl) 

(:::C0itSia^yt^ GenBank accession M86348tClE^^ 
20 tlX^/""^) t Pseudomonas pseudoa 1 ca 1 i genes KF707^ 

=3— Ki-'5DNA (bphAl) (rcOi^SiB^JIlGenBank acces 

sion M83673{C^^$iX-CV^6) ^m(Dy9>^>' 
^BB^U^^b/cg^ bphAl >^7>f ^llv^fcPCRicJ: i9*L 
gILfCo bphAl :/^-r-^— coJ^Sea^JSr^i-TBEcDiiip 

[0 119] 

[^1] 



5' -TTGAATTCTTCCGGnGACAGATCT-3' 



:7^!7- KiRlJ(CfiSacl95&;0^ y ^-^^ J^iijdJiBglll^aS 

coRi^fi;55f^4-$nTi/^s (r>'^$^— ^-o-r^^nr 

V>S)o PCR<7)^{4^fi. 94t: 1 52''C 1.5 5^. 7ZX: 1 

[0 12 01 ^ HtL±M,<D2Wm(O hxi\\k\ ^^if-g^ 
0.15 =^=^^y hC7)DnaseI TnS^ 6 5> 

PbI. 5>»PtoSUfCo 10-50 bp DNAf^>i-^T;«/n— j^^jT* 
v'Wd^e^lHlUX^. ^l-^Ls ir/u:7>^^'i' ^ Vi/PCR, bphAl 4o 

^iJ;^)SAtt#t?o;rc(DNA v'-t y 7bphA 
l^-g-tfPCRM^^^i/cio PCRti-LiEi:I^C^i4^-t? 
^TV^, 7 bphAl ^^tpPCRi^^t:3:. Sacl/Bglll 

[ 0 1 2 1 ] P^ pseudoa Icali genes KF707t^<O bphAlA2A 
3A4-bphB-bphC itfe^S^^^tf^m:^'^ >^ ^ KpJHFlB 
(Hi rose. J.. Suyama. A.. Hayashida. S. . Furukawa. 
K., Gene. 128, 27-33. 1994 

vx. ?^^mmii^xKfi^ii^mts(ox. =^='j\-^&wt so 



\^fz,m't\'t :^^m^M^t\^X^ 2-hydroxy-6-oxo-6-p 

henylhexa-2.4-dienoic acid^!^^i~^o — ^t^^ 

fMmMm'tn^^Mrr^<r>x\ 434 nm x^^-^—^^ 

^tfi^'^mx^ho ^ KpJHFl8^cioV^r. l*M 

<DMluiaS{a;5^ bphAl f^tc:fe^<Q'e. MluIT-^S-ft:. filled- 
in^. re-ligation^^T5 wir^d^t t). bphAl COi^^fift 
mX^t^^y:^^ KpJHFlSA MluI^f^tiLfc (T. Kumamar 
u. H. Suenaga, M. Mitsuoka, T. Watanabe. K. Furuka 
wa. NatureBiotechnology. 16, 663-666. 1998 #0^)o 
pJHFlBA MluI^SacI/BglII-C~at^<btc:i: 19 . 
A bphAl itfiT-^co^^'&tPl.sg kbl&fK-^l^#, iXt> 
±IE-Cf^SLfc^>J?0^7< ^ bphAl ^^tfPCR^ 
(Sacl/Bgl 1 1 XZLmm\t^(r> \> <0) <S:^AL. m^<D 
&^t">^^^/^v^:^^V^-^— ifit^^ (modified bph 
Al : :bphA2A3A4 Jt^^) <!: bphBbphC ^ik^R^^^t^^^ 
(Dzfyy^^h* (pSHFlOOOv^y — X) ^nt^o r;h.b«>«r 
(OZfyy^% V^^-^^-Xm^^ )CL1-Blue tCfcf :7;iizi— ylx 



(19) #Bl2 0 0 3-2 6 9 
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»9lSfe^^-r5Ci;5^T*#^ = CI^-^C*5l^T^*. DNA 
shuffling(C<fc ?)#f?;h.fcniodified bphAl iteT-^^IE^ 

10 12 2] fc':7^n— /u|g^tc<t OMfe^M-rS^i: 

tlCOm. (KF707:}b^J:U^LB400) (D byhAi mB^^W-o i> (D 
X^. 2mT&<m:^^otitdii1rX*f£< ^ ^t\.^*tl<Dm (KF 
707^3 <]:U^LB400) (D hvhAl lkB^^W^h(0^^6^MX'^ io 

i:;&ST-tfco fcfc*L> rc^^^J-W^^Ji:. P. putida Fl <0 

[0 12 31 KpSHF1072(C-g-^tl.Sshuf 
fled bphAl : :bphA2A3A4 il^^S^T!)^ — pUC 

ii8coiac>^p^— cols^o y — K^^yi— $rStt^:^ 

rpK-SA^ttfc. efelKbiphenyl dioxygenaseiS-E^^^^ 
ffi:/^;^^ KpKF2072 ^f^SiLfCo ct '9 :iri^&<JiCfi. 

KpSHFl072/>^bshuffled bphA 1 - bphA2 A3 A4 - bphB - 
bphC kb Xhol ^>t^^t)/cL. pU 20 

C118<^Xhol8B^tC|f AUfeo SctCl, bphB <h bphC P^tC^fe: 
;&5<5T#^ELTV^)^cl.43 kb PEuMI^>t^. PpuMIt^^b. 
re-ligationt;i<t *9:X^^i^fCo shuffled 
bphAl (pSHF1072^5fe) : :bphA2A3A4 i&B^<0^^^tjf5. 
35 kbWr^^^v\}C\lSCO\acy"r^ cofe^O U — K;^ 

/I.— $:^it^:^f^tc#A$tt^c:7^^;^ ^ KpKF2072^# 

fCo r OpKF2072^:^^llJM109»(c:»A-rS C ^ (-<t "9 
#e):h.fcJf^Se^(4^ (pKF2072) : PERM 

BP-7 2 9 9) ^i^x^(Dmm^m\^^fzo 

[0124] mmm2 : :kmmmm^i§^i^tmw(o^^ 30 

-hs i^m^ {pKF6622) joilJ^ i^mm (pKF2072) 1 
50 Mg/mlcOT^t'v-y > (Ap) ^-g-tfLBi^il^ (1% h 

0.5%S^©^=^;^. l% NaCl) XMmMmm^ 
/MuffiiiilL. -70 — 8QX:(Dv^^—y'yv—^—{c 

b UT. pUC118^(Z:>Api^t4c7:>^i5'^— <d;^^ 40 

(JMlOStt) ^l^1^(c«#L-Ci/yirP 

[0 12 5] ^i^S/e^l§^&-r^(wfefcoT. ^"T. ± 

^e^5-CM^^i9. 150 /ig/ral(^T>'t''v^y > (Ap) 
^^tpLBiS^ 4 mltCiag^L. 175 rpm. 28^-C7'-8^Fb1 

i&#Lfc {m^m)om^. :z<ontimmm^. 150 Mg/mi 

COAp. 0.4% (w/v) C0:/y^=3 — *5j:t/ 10 A£g/ml(0 
"f-TX^y (thiamine) Sr-g-tfM9i§ife (Sambrook. J.. F 
ritsch. E. F. , Maniatis, T. , "Molecular cloning - so 
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A laboratory manual." Cold Spring Harbor Laborator 
y Press. 1989.. Appendex A • 3 #fi^) 70 mltCAtL. 1 
75 rpm. 28^TM6-i7^rHl (— ^) l^^Lfc (:z^ig«)o 
rtb-C. OD 600 nm/i^ii^Hc/^So :i^X^8,000 rpm. 55> 

(D-i yyx2\i'/U-\-^yt-^-D-:^^^ hk'^y i/K (IPT 
G) t 5 mg<^Sa^^tf70 ml<^M9i&ifi (150 /ig/mlOA 
p. 0.4% (w/v) :ioJ:t;^ 10 ;ig/ml(7)^ 

r^V^-g-tp) (cSg^Sb. 175 rpm. 28t:-C2'-30 ftl ^ 
btCi^#^^To/c„/^io. il^lO mg/mlOSS 

IC/^ ^ J: 9 liC:r. ^ J —J\^^<r>mm^^t^ U 3t t» O ^ 0.5 
ml ^^/Co:®«2'-'3 0 B tc:70 ml60p< — /U^^D;t 3 
05>rBm^-r^r irfcj: »9«iM^*ti^mL. 8.000 rpm. 5 

[0 12 6] 3 : ^miii^COHPLC5>^ 

^JS^jST-pM^ttfcflgSatStU?^ 80 ju l^llHlCOinje. 
ctionlC^feUy'Co Puresil C18;^^A (4.6 mm x 250 ram. 

Waters) ^fflV\ 1 ml/minCOiSS-rHPLC^tf o ^Co HPLC 

LT Watersttc^T T v^>^7^i^^ 
ffiV^, :7:r h^-Y;^— KT U-<«im^i: LT Waters 99 

A^ffi : tK / ^ y (50/50) 
B^^ : /I- / 2-:^ny-?y— (60/40) 

O'-S^^ (A^R). 5—20^ (AfS)-^(B?eC) dbM ^ i^^J^ :^ 
h (No 3 . Waters) . 20^- (B?S) 

30'-'350nm(^«liaT*@^liXlS:^fil^;^Lf:i2SS: (max plo 

t) X=^^^—\.f^\f—^<Dmm\}c^W^^h\^fz. 
[0 12 7] Z.(D^^X'&^'h^mm^Mz.^(0\^^\^X 

2 <75 >^ ^—fV<r> lOflST'^T o fCo 
[0 12 8] ^:SS^J4 : 
i^lTT*^V^fcSM^i. Sigma-Aldrich ^.^'^'^WLf^^^ii 
36*P>«ALfco 

4-1. 2 -yziL=:^j\^^/ y >-co^^^^ 

^JS^J 2 tc^ L^c^rfetc J: «9 . 2M«comtfex.:;'cfliil 

(n^ hn— 7^t>'^tf)^fflV^T. 2 ->^air^/^:^y y >^ 

(1114) co^tfeHii^tTo/to 2->^3i^/u=3ey y 

10 mg/rol<Oi8ST-3i^ /— /Kc®;!>^L:fet<7> 0.5 m 
1^ 70 mlO:$:ig^i^i^fe(-^;[JDL#t#i#^U/c:o HPLC5)^ 
tFf(?5^m. (pKF2072) (pKF6622) 

\% 2 -:7^::i/uds^y y UT^Jffi L^t^T't 

6C^3&5t>;ei^ofCo ^Ife^fi. -?:tt^*tv. 89% 5 

3%r-fooyto 

[0129] 4-2. 2 - >^ 31 /L-O^^^^ 
2 Lfc^-fetd ct *9 . 2M{Somifex.:*cMIS 



(20) 
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/U (1114) (D^i^m^^n-^tlo 2 

10 mg/mKOiSff-ej^iJ' y — yKci^*>Lytto 0.5 

ml^ 70 ml(7:>;*:i^^^^{-^^PU^#i^#U7to HPLC 
5^WC0S:^. :*CJ®II (pKF2Q72) *3<tT/:^^M (pKF662 
2) {i2-^:n^yu^i/K— LT^JfflL^^ 
-C#'5^i:;65^5;6^ofco ^Jfe^fi. -^tt-t^ix. 71% *5<fc 

[01301 4-3. 3 -:73i=^yu— 1 — ( J iy<D\ 



38 



1 --r ^^{i, 10 ing/mico«ffiT*^^$' y — 

Lfc^(7> 0.5 inl<Sr 70 m\(D:^^m^mzimi}\^\.^^^ 
«U/Co HPLC5>«fCQ/em> :^cJliS (pKF2072) ^X.'C^ 
JSS (pKF6622)f:i3 -:7:iizr/p- 1 ^-^Sff 

tt^n. 97% *5J:t;^ 93%1C?feofCo 
[0131] 4-4. 2 — /l^co^ 



vy'^r v'— /i^j*. 10 mg/nii(7:)^gST*^^ y — /i^tc^Ti)^ 

Ufct><0 0.5 Bil^ 70 ml<^;*:i^^i^J&tC^^PL#^#i^ 
#U^o HPLC5^#fO>g*> (pKF6622) :J3J:t/ :^ 

mWi {pKF2072) Ji2 /u^^^v'^ry'— /U-^S 

^jX^th^ 81% *5ctt;^ 36%T'feofCo 
[0 13 21 4-5. 2 — :7 3i— /l^^Z^ydri^y— /UCO^ 

Slig^i2tc^Lfc;^&lcJ: 2^IS(oaife^:;^MK 
f-y'— /i- (1114) o^^^^^tro/co 2 - :7 31 :=./i'^ 

^-y^f-y'— /Wfi, 10 mg/mlOiSST*^^ y — /KC^d^ 
\.tLh(r> 0.5 ml^ 70 mlC0:$:i«f|«tfe(;i^ADU*#i« 
LfCo HPLC5^^<^^:^. (pKF2072) *5J:0^ :^ 

H (pKF6622) fi2 -:7 3l=/W^^^y'^fi^y'— /U^S 

•etL-etb. 100% *5<J:U5 45%-CfcofCo 
[0 13 3] 4-6. ztL=^/\^\f]) i;^>^<DmW: 

mi&m 2 \z,7fi ]^ti:^m:^ x t) . 2Mscomifex.;^j 

(1114) (DlS^lli^^tTofCo 2 -:7:n:=:/Uh'y i^^- 
Ji. 10 mg/iiilCOSa[T' 70% ^^$^y— /KC^^^UfctCO 

0.5 mi^ 70 m\(D:^mm^mcmi]iii.^^^m\^tio hp 

LCif^m<DmM. (pKF2072) <?5^355^?fttC 2 - :7 

oi f y l^^mW t L X*iJffl U^m-C # -5 r 
p^otio ^ife^ti 14%r'feofCo :^JIi^ (pKF6622) CO 



[0 13 414-7. s-j<'f'/y-2^yaLZ^/u\i'Di;^> 
^yut-yv^v ([114) (D^^mnk^n-otzo 3-y^/u 

- 2 -:7 3i— /Uk^i; i^^^^ti. lO.mg/mlOSaiT- 7Q% ^ 
i$7y — 0.5 ml^ 70 nil0^i§#i#ife 
{c8s:&Pb^#«#U/^o HPLC^^OS*. :^J©® (pKF2 
10 072) co;9^;5Sp^^(c3-y ^yW-2-7^=/Ufcr!; 

f:i 16%T-Si>ofco (pKF6622) <^>^-&fi> ^IftM 

[0 13 51 4-8. 4-:7ai^yUfy ^ v^^-O^tfeHS^ 

mmm 2 tc^ Ufcz^ifeic J: 15 . 2«!®<^miftx.:^^0 
h C2— /ut>-^tp)^ffiv^T. 4-:7a^^yH::;'y ^ 
> (1^4) co^JJI||g^SrtTo;to 4->^3.— /utf y ^ 
^^(i. 10 mg/mlCO^S-C70% y -'/ly{Z.mf)^\^tl-h<D 
0,5 ml^ 70 ml<D;z^«**:ttblC^iJDU^#iS*L.fCo H 
20 PLC^^^O^m. (pKF2072) (O^fy-^^mm^^ 4 

t>t^otLo 100%-C*>ofCo (pKF6622) 

[0 13 6] 4-9. 1 - P^ac^i/Ufn— yKT^^jftHS^ 

^:&g0^J 2 Ufc::^^{c J: . 2SS(omtei^:^^li 

(1114) ^7:>^^feSlg^^^TofCo l-P'^^/^tfa— 
ti, 10 nig/ini<7)|gfiT*^i57 y — >'L-J;i^;^^U/ct>CO 0.5 in 
1^ 70 mlO*:i&«»i&tC|^JIlOU*#^«by^Co HPLC:^' 
30 ^(D^^. ±mM (pKF2072) :foXrJ i^mM (pKF6622) 

t;55t?;6>oyho ^Ife^tt. ^#<!rt> 100%T?*>o 

[0 13 71 4-10. 1 -^^^/U-t'^y— /KO^lfellg^ 

(n^- hu— >rU>b-g'tf)SrffiV^T. 1 -:7aa^>'^h:''^y'— 
/W (1114) o^^SIS^^troifto 1 -:7ai=/ue7y'— 

yi^fi. 10 mg/mH7)|iSX' 70% ^i?^ y Lfc t> 
(D 0.5 ml^ 70inl(O*:^*iftlfetC3gs^DL*#i#^Lyc:o 
40 HPLC5>^<^^^. (pKF2072) (D 1 ^(7);z^;05p^^ 

F6622) <^^^ti. ^^mm-i [^t/ut*mm^ti^^^^-D 

[013814-11. 3 -y ^/l^- 1 -:7;iic^/H^^y— 

^iSM 2 {c:^ Lyc::^Jfe{^ «9 . 2aS<ojatj|x.>c^lS 
h a— yu>b^tf)^ffiv>T. 3 -y ^/w- 1 -r^o. 

(H4) (D^^Mffk^^otlo 3"^^ 



(21) 
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y —/U{C^^^l.tih<D 0.5 ml^ 70 rnKD^i^^-^m^ 

mni^^^^^i^tio HPLC^>wco»S;S:. i^mM (pKfzo? 

2) :tSXXJ^ i^mm (pKF6622) - 1 -y :xl 

;5^ofco -tH-^n. 100% *5J:TJ« 63%T'foo 

[0 13 9] 4-12. 2 -^>'v^yH:'!J v^:^<7:>^l^ll^ 

(1^15) (7)^^^^^ffoycio. 2 — i^v^/i-eyv^^' 

10 mg/ml(^)JSIStr^^/— /HC^:d>Lfc^O 0:5 m 
l>Sr 70 inlo:2^i##i^il!itc:^;!]0L^#i^#L/?i. HPLC5> 
tff^OS*, ^'C^S (pKF2072) :fcctTJ :^CJliIi (pKF6622) 

'5wi:;ii5t>;{,>ofco ^fe^fi. ^tt-ett. 57% *5J:tJ^ 1 
l%Tfcofce 

[0 1 4 0] 4-13. 1 — /KT^^^H 



(US) (D^lfelli^^tfofco 1 ^^Vi^/W-f 

/uti. 10 mg/mlcO^ST'^^^i^^ y — /^'tc:^^>L/ct»<75 

0.5 ml^ 70 ml<7);*:i*«i#l&tc:i^Pb*#l§^Lfcc H 
PLC5^^0^^. (pKF2072) -^^XJ^ (pKF 

6622) \% 1 i>'v?/U-r ^ urfjj^ L 

^»-C#-5w^;55^s>^.ofCo ^tfe^ifi. ^n^fx.. 97% 

[014114-14. 4-^:^v^/u-< y^ry— ywco^ 



10 



20 



30 

(=!>' hn— y^t>'S'tf)^ffiv>r. 4 — <>'i;^/V'>r y^T 
/I- (His) (o^^ns^^trofco 4~-<>'i^/i--f y 

t>0 0.5 ml ^70 nil(7)x^^^^J^^(C^:dDL*#i^«L 
Tto HPLC^tFf^T)^:^. (pKF2072)43<tU^ 
(pKF6622)(14 -^:^v^yu-r y^T^— /i-^SKi: UT 

tb, 65% 27%-Cfco/Co ^^.^i^. :^J3i^ (pKF2072) 

IC*5V^T. '^^mm(0\f--^\% 2:^m^$ttfCo 40 
[0 14 21 4-15. 2- (2-t Vci^-^y zjLZ=.;V) ^ 

^JS0y2(c:^b/c*-fe(cJ: 19. 2M^com^x.:^^® 
(riv- hn— /^t>^tp)^ffiV^T. 2- (2-t: Ka:^rS^ 
v^o:::^/!^) -O-y^^i^y— (HIS) O^^Hg^^tfo 

fCo 2- (2 — t Kci:^Sx>'a:^/u) ^^-y^i^y— 
5 mg/ml<OjftST3ii$?y— /utC:^;ei=^L:rct<75 1 ml^ 
70 mlco:^^^i*ife(C^;bPL^#i^SlLfCo HPLC5>^cO 
iS*. :*C^® {pKF2072) *5J:1/ (pKF6622) *i 

2— (2-fc Kn:^v^:7ji::i>'W) ^> y ^^1^ y— /U^S 50 



40 

•t4x-ie;h.. 39% .*5<fct;^ 25%X'feoybo 
[0 14 3] 4-16. 2- (p-hy/V) t^y 

yv^:/ (IDS) (D^^mm^n<>rzo 2- (p-hy 

yw) b:°y v^:/t;i, 10 mg/mW^^X 70% oi^y— y^c 
^;^^U^t>«0 0.5ml ^ 70 ml(?5*iS#l§Jft(C^^ro 
«^Lfco HPLC5>*fC0S:^. :^J5iS (pKF2072) its XXI 

i^mm (pKF6622) 2 - ( p - h y /V) e y v?>'^s 

96% *3j:t;5 61%'Cfeofco 

[0 14 4] 4-17. 2-n-:y^/W^>'y:7^>^ 



(nv- ^.l:I^/^^-^tf)^ffiV^T. 2 - n - :yf^/W^ > y 

((^5) CO^m^g^^tTofCo 2-n->^^yu-< 
vy:7^>'fi. 10 mg/mlC0SST*:3i^ y — /Vtd^Tji^Lfc 
t>(0 0.5 ml ^70 ml<O;*:ig«SJfetC^;b0L^#J§*L 
;/ho HPLC^J-tffcojfem. :^C^|g (pKF6622)*5j;0« 
(pKF2072) f:i2 - n -:r'^/U-Oy :7 ^ >-^S® ^ LT 

100% jo<ttf^ 90%T-fcofco 71^*5. ^'^Biffi (pKF207 

2) (cjoV^T. iJ^fi 22|s:af§^;ix:^Co 

[0 14 5] 4-18. 3-n—^^->/\y'^:t'y:j^ly<D 



2(c^U^t^fetc:J:!9. 2«m(^Mlfex.:^JIi^ 
(r^:/ hP— /uti'&tr)^^V^T. 3-n— 

^^^aiVfi. 10 mg/mlcoaiS-e^it^y— /Kc^^^uyS: 

^ CO 0.5 ml ^70 ml(7);^i^#:^i11ltC^;(jDU#fc#l## L, 
/Co HPLCi^'^tOfe:^. :^JIim (pKF2072)*5j:TJ« 
(pKF6622) {i3 -n -^^^j^ v^/W'^:^:7 ;n ^/^SR ^ LT 

ix. 100% *5j:Of 99%tr*>oyho 

[0 14 6] ^jsa^ys : ^i^m^(omm > 
5-1. 2-ya^=^/i^^yv>'(D^^m^ (me) 
i^mm (pKF2072) t 2-y ^^^/i-^y V >'(Dm^'^^m 
m 700 mi{c^fico7« ^y — /^^?s^DU> i^ia-e 2 B#rH^ 

Jti^Lybe wtLSf7.000 rpm. 10 minjS'iL-:»-BtU> Jn^ 
^lEjlRLfCo ±?f(iJSlET300 ml^T'^g^b. m&<Dm 

g^cii^yu-C2ffiattlbfCo R®^^^/v.B^iSlET«ffi 
^^^^-^^^^=^^55 mg^ntco =^^y^^iyV 

(Merck60, 0 2aD x 30cm) icWU^ ^^i^ 

: g^g^3n^/v= 10:1 (Dmi^xmrn-r ^ :^ t 

'(b'&i^l (3- (2-=^yy/W) -3, 5-i^:^7n 
^^r•t^v^^>-- 1 , 2--:^::^— /W) (12mg) 

it^^l (3-(2-quinolyl)-3,5-cyclohexadiene-l ,2-dio 
1) co^tt 



« if 
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EI-MS(m/z): 239 (M*) 

»H-NMR: (500MHz. CDCI3) :4 .50(dd .J-3. 0.6.7. IH) . 5.0 
8(d.J=6.7.1H) . 6.23(ni.2H). 6.78(m.lH). 7.46(dd.> 
6.7.6.7.1H). 7.49(dd.J=6.7.6.7.1H) . 7.69(d.J=6.7. 1 
H), 7.73(d.J=6.7.1H) . 7.96(d. >8 .5 . IH) . 8.07(d.J= 
9.2. IH) 

[014715-2. 2-^31 — /U-Y h'—/u<r>^i^M^ 

(me) 

i^mm (pKF2072) <i: 2 - :7 31 =^/u^ > K-/i^Oil-&iS 

700nil(c^fi:CO^^/— yv^^:dDb, mUX*2^m 10 
jtl^Lybo m^7.000 rpm. 10 ininfi'L>5)'Sib. ±m 

;^ ^ ^ (Merck60, 0 2cm x SOcm) {-H^ Us -^^^i^^^ : 

i^2 (3- {lH-2 — rv-Ky/^) -3, 5— 
^^ri^v^:!:.^- 1 . 2 - v^^— /W) (5mg). . ^t^^^ (2 - 

(ifl-2 — r^^Ky/v-) yz^y—zv-) (lOmg), fb-^-^^ 

4 (2 -:7^:=iyV- 1 H- 5 Ko— /U) (7ing) . ^ 20 

it-^^Z (3-(lH-2-indolyl)-3.5-cyclohexadiene-1.2-d 
iol) <D^i^ 
EI-MS(in/z) :225(M*) 
>H-NMR (500MHz. DMSO-de) 

4.34(2H). 4.70(d.J=5.5.1H) . 4 .97(d.J=6.0. IH) . 5.78 
(d,J-9.2.lH) . 6.01(ddd.J=2.4.5.5.9.2) . 6.50(d,J=5. 
5.1H). 6.61(s.lH). 6.94(dd,J=7.9.7.9.1H) . 7.06(d 
d.J=7.9.7.9.1H) . 7.30(d.J=7.3.1H) . 7.47(d.>7.3.1 
H). n.ll(s.lH) 30 

(2-(lH-2-indolyl) phenol) CO 
EI-MS(m/z): 209 (M*) 

»H-NMR: (500MHz, CDCla) :5.63(brs. IH) . 6.84(d.J=2. 
O.IH), 6.90(d.J=8.5,lH) . 7.02(dd. J=7.3.7.3. IH) .7. 1 
2(dd.J=7.3,7.3.1H) . 7 , 16-7 .22 (3H) , 7.40(d.J=8.5. 1 
H). 7.63(d.J=7.9.1H). 7.67{dd.J=2.0.7.9.1H) 
it-^mA (2-phenyl-lH-5-indolol)C7?i^t^ 
EI-MS(m/z) : 209 (MO 

»H-NMR: (500MHz. CDCI3) :6.60(dd. J=2.4 ,8.5. IH) . 6.70 
(d.J=2.0.1H) . 6.82(d.J=2.4.1H) . 7 . 17 (d. J=8 . 5 , IH) . 40 
7.27(dd.>7.3.7.3.1H) . 7.42(dd. J=7.3.7 .3.2H) . 7.79 
(d.J=7.3.2H) , 8.66(brs,lH) . 11.19(s,lH) 
[01481 5-3. 3 - ^'oi^yu— l l^^y 1^<D^ 

^mm (me) 

(pKF2072) irS-^^m^/l— 1 <>^^yXD 

jE'&^^fK 700 m\\z.^m(o?^^ y—jv^m\\\^. mm. 

X*2^f^m.W\^f:Lo r;h.^7.000 rpm. 10 min^^^L^5>BS 
±ft^lHiaXL;to Jim(i^*Jl£T300ml*T*«^^L. 
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]) Ms (Merck60. 0 2cm x 30cin) tC^L. 

^ u o ^ ^ > : g^^3i5^/U= 2 : 1 (O^iS-CM^i-S C 

t\Z.^K). it^!^5 (3- (5, e-'^fc Knz^v-- 1 . 

s-i^^ tJ^^-^iJ^ziL-ju) ^ x—^ / :y) (lOm 

ita-^S (3- (5 , 6- d i hydroxy- 1.3- eye 1 ohexad i eny 1 ) - 1 - i 
ndanone) <D^i^ 
EI-MS(id/z): 242 (M*) 

»H-NMR: (500MHz. CDCI3) :2.68(dd.>3. 1 . 18.9. IH) . 3. 
01(ddJ=7.9.18.9.1H) . 4.174.28(3H) . 5.70(d , J=4 .9. 1 
H). 5.91(in.lH). 5.95(in.lH). 7.38(dd,J=7.3.7.3, IH) . 

7.45(d.J=7.3,lH) .7.58{dd. J=7.3.7.3. IH) . 7.74(d.J= 
7-3. IH) 

[0 14 91 5-4. 2 — :7ai;^/^^>'y^Ty'— >'^(0^ 

me) 

i^mm (pKF6622) t 2--:7:x^=^/u-<:yy^T:/—yi-(D 

m^^rn^^^ 700 muci^scopitj^y— 7U^^*DU. 

X2mmm.W\^tio Zth^l.OOO rpm. 10 mijijM'b^M. 
_btS^lH]4RLfCo JLf*f;iiftJET300inl^-efijSb. 

^fi(Z)g^^^^yuT*2S*4mLycip mm^^y^m^^^j^ 

]) (Merek60. <fr2em x 30em) {;i^L> i> 

^ xua^^^ly : g^^3ii^yu= 5 : 1 (DmUXMrn-T^ CI 
i:tcj;t). it^m (3- (1, 3— <:x>^^r>/— 
-2 — T/i-) -3, 5 - ci^dei^i;>jc>^- 1 , 2 - 

(32.5ing)^i5fi«^/.^ife;®i: LT*SILfCo 
-fb'&^e (3-(l ,3-benzothiazol-2-yl)-3.5-cyclohexadi 
ene-1 ,2-diol)c;0i^ti 
EI-MS(iii/z) : 245 (M*) 

»H-NMR: (500MHz. CDCls) :4 .51 (m. IH) . 5 . 00(d J=6 . 1 , 1 
H). 6.21(dd.>4.9.9.2.1H). 6.26(dd.J=4 .3.9.2. IH) . 
6.78(d.J=4.9.1H). 7.34(dd.J=7.3.7.3.1H) . 7.44(dd.J 
=7.3.7.3). 7.81(d.J=7.3.1H) . 7.94(d.J=7.3.1H) 
[O 1 5 01 5-5. 2 — :7:xin/U-^>'y=3f-y'>^— yuc^^ 

mm^ (IE16) 

:kmM {pKF2072) t 2-:7:x^=^/U^>y^1^>^—/Ut 

(om^^mw^ 700 mucwm(D;?i ^ y—/i^^miM\^. m. 

MX-2P#Fp1Mi^UfCo wtL^7.000 rpm. 10 min^^L^^ 
BlU. ±?f ^SrlelilXLfco JbtSJ^SEETSOO ml^X'^Jffi 

^4<7>g^^^^/^T*2SttttiL7'Co g^^-^f^/i^^^ 
jaiETSi^U. !^fig;fe-&^^=^;^65.4 iDg^#fCo 
:^^->]}tf ^z\^fj 7 A (MerckeO, « 2an x 30cm) 

CH2CIZ : g^g^^^>'l-= 1 : \(omwkxmWi^^:^h 

f-<tf9. 'fb'g^^7 (3- (1, 3 — <>'y;^^fi^y'— /I- 
— 2 — i )V) -3, 5 — 1 , 2- 

i;^;^-/^) (26.1iDg)^i^«b/<C^gi: LT^KIUfCo 

(3- (1 ,3-benzoxazol-2-yl) -3,5-cyclohexadien 
e-1.2-diol) <0#9i4 
EI-MS(in/z) : 229 (MO 
»H-NMR: (500MHz. DMSO-de) 
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4.41(m.lH). 4.62(dd.J=5.5. 5.5.1H), 4 .97(d, J=5.5. 1 
H), 5.18(d.J=7.1,lH) .6.08-6.15(2H). 7. 10(d.J=4 .9. 1 
H), 7.33-7.40(2H) . 7 .68(dd.J=2 .0. 6.7. IH) .7.72(dd. 
J-2.0, 6.7. IH) 

[0 15 115-6. 2 -^^in/i^ey i;^>'co^lJlMi^ 

(^6) 

:^J^IS (pKF2072) t2-:7:xL=L/l'\^^])i^l^<Dm^^m 

m 700 m\{zmM(o?< ^ y-^/u^mmi.^ ^nx*2fi^r^ 

mWl^fZo wtL^7.000 rpm. 10 minii^L-^Bt Jbtt 

(MerckeO, 4> 2cm x 30cm) t^l-^L. CH2CI2 : MeO 

2-v?:;r-/U) (lOmg) t LT^Bibfco 

it'a-^S (3-(2-pyridyl)-3,5-cyclohexadiene-l,2-dio 
i) <D^^ 

EI-MS(ni/z) 189 (M^ 

»H-NMR (500MHz. DMSO-de) 20 
4.34(dd.>2.5,5.5.1H) , 4.56(d,>5.5. IH) . 5.89(d.> 
10.2.1H). 6.04(ddd.J=3.0.5.5.9.8) . 6.92(d.>5.5. 1 
H). 7.21(dd,J=4.9.8.0.lH) . 7 .63(d, J=8.0. IH) ,7 . 75(d 
d J=8. 0.8.0. IH). 8.54(d.J=4.9.1H) 
[0 1 5 2] 5-7. 3~?i'^/i--~2-:7j^z^/U\:f]) 

:kmfM (pKF2072) t 3-P<^yl^-2-:7 3i::^/Utf y V? 

>t(DU^mmm 70 miii:im&<D^ ^ y—ji^^mM\^. 

^tb, 290 nm(C®i|X^;^^4i: (a,«ax ) ^tj^U/Co it^^S 
C0®1|R;^^^ h/t- (a.«ax = 295 run) ^Oitg^s 2Slt/^ 

n^mx^. it^mcommt^s 3- (3-;^^/U't**y 

K-2--i'/W) -3, U^^'^i^:!:.:^'- 1 , 2 

— i/;^ — /l^ [3- (3-inethylpyrid-2-yl) -3 , 5-cyclohexadie 
ne-1.2-diol] t^Wa^thtz, 

[0 15 315-8. 4 -:7:iir^/uey v^^^o^t^m^^ 

(He) 

±mM (pKF2072) <b 4 ~ :7 ^ fcf y >^<Dm'^mm 

m 700 mliC^S(D;?« ^y— >'U^^;[)DL. ^r^-C 2 40 

mWl^tZo rtb^ 7.000 rpm. 10 miniS'L-5^«l ±m 

^iHliRLfCo ±?S(^igffiT300 mi:^-c«3i^b. mA<Dm 
L. ^fiJcfe'&W^^^23.5 mg^#fco ^^:^^iyV:tf 

y/U;^^ A(Merck60, <f> 2cm x 30cm) tC^L. CH2CI2 : M 
e0n=30:l<DmmX*mm^^:itl,C^0. it^mo (3 

- (4~t:'y ^ v?^/W) -3, S-v-iJ^ n^:^Hf 
-1, 2-v^:^-/W) (6.6mg)^JK)^?:^ifelSi: b-C^K 

byti. 

-fb-n-^lO (3-(4-pyrimidinyl)-3.5-cyclohexadiene-l .2 50 



2 0 0 3 - 2 6 9 

44 

-diol) (7:)i^t^ 
EI-MS:190(M*) . 
^H-NMR: (500MHz. CDCI3) 

4.54(d.J=6,0.1H). 4.84(d.J«6.0.1H). 6. 16-6.24 (2H) . 

6.91(d.J=4.9.1H) . 7.52(dd.J-1.8.5.5,lH) . 8.66(d.J 
=5.5. IH) . 9.11(d.J-1.8,lH) 

[0 1 5 41 5-9. 1 -:7 3i=:/Hf cr— /KO^ISIM^ 

(me) 

:^^|| (pKF2072) t l-y:x,z=./\^}:i^xa — 

m 700 m\\zmm<r>?< ^ y —ju^m^ux^. ^ux*2f^m 

m^Wi^fCo ri^^7.000 rpm. 10 miniS'L^5>glb. _b?f 
SriHilRbySio ±tS»*«JET300ml^-C««lb. ^^(0^ 

^^^yuT'2Stttub/co mm^^^i^m^t^j^Tmm 

b. ±f&m^m=^^^ 25 mg^Wfcc :3^:^r>^^v^y 
jVij^J:^ (Merck60. <f) 2cm x 30cm) tc^b. ^=^i^ 
: g^^^f^/w= 10:1 (Dm^xmrn-Th C <b J: 
{b-^i^ll (3- (IH-l-tfoy/W) -3. 5- 

v-^ n--.=3^-thi^az:/- 1 , 2-v^;^-— (5 mg) 

(3-(lH-l-pyrrolyl)-3.5-cyclohexadiene-1.2 
EI-MS(m/z): 163(M*) 

»H-NMR: (500MHz, CDCI3) :4 .44(d.J=6. 1 . IH) . 4.62(dd 
d.>3.0.3.0.6.1.1H) . 5.7l(dd.J=2.4.9.8.1H) , 5.91 
(d.J=6.1.1H) . 5.97(ddd,J=2.4.6.1,9.8.1H) . 6.26(dd, 
J=2.4,2.4.2H) , 6.99(dd J=2.4 ,2.4 .2H) 
[0 15 51 5-10. 1- ^'acr^/Wt:'^^^— /W<^5^«|g|ife 

(mi) . 

^m^m (pKF2072) 1 - :7 \f ^ v—/\^(om^^i^ 

700 ml{^mM<D;^ ^ y—/\^^mi3Ui.. m^X2^ 

b, ^?fiT'2^FBHti^^b/!io wih.^ 7000 rpm. lOminS 

'L-^J-gib. ±m^\s\HVfCo _htf (i®EET300 ml^T'Jg 
Jffib. *ftC0g^®&3n^/u-C2ffitttiibfCo e^ffi^^^/i-® 
^DS/ETIt^b. ^fi)<:i^#^^=^;^55mg^#fCo 
^->y ;^y>'l^;*/^-^ (MerckeO, <f> 2cm x 30cm) 

b, --df^i^:/ : g^®^^^/u=2 : KD^t^xmrn-r^:! 

^tcj; t). it^^\2 (4-t: Kn:^'>- 1 - :7 :=:/i.b:' 

7 /w) (7 . 0 mg) ^m^t^^n tx^x mm b fco 

it 0-^12 (4-hydroxy-l -phenyl pyrazole) <D^^ 
EI-MS(m/z): 160 
»H-NMR: (500MHz. CDCI3) 

7.16-7.22(1H). 7.34-7.38{3H) . 7 . 50-7 .55(3H) 
[01561 5-11. 3 1 -:7 jin/Wt"^:/— 

/i-(D^t^m^ cm?) 

{pKF2072) t 3 - i -y 

—Jl'<DM^m^}& 700ml (;i^S(7:> p< ^y—/^^^^JDb. 
^?UT*2B#rB^ltlN^b/Co wtt^7.000 rpm. lOminj^'L-:^ 

Bib. JiM^lHlitebito _btS(iiS£ET300 ml^-C»jffi 
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i/^) fi^jvfjy (Merck60, * 2cm x SOcm) JcWL. C 
H2CI2 :MeOH=20: 1 (stepwise) O^J^T^M^-T^ - ^ (C 

J:«9, (3- O-Tt^/Ufc'^y'— v'W- 1 

)V) -3, 5 ->^i^ ^^ari^v>al>^— 1 , 

/l^) (ISmg). it-^mA (2- (3-P«^/Ufc'7y'— /W- 

1 — (/u) :7:ty— /u) (i9mg)^^5^/.£i^Hi: ur» 

it^^lS (3-(3-methylpyrazol-l-yl)-3.5-cyclohexadi 
ene-1.2-diol) (D^\^ 10 
EI-MS(ni/z) :192(M*) 

•H-NMR: (500MHz, CDCI3) 

2.28(s,3H). 4.54(hi.1H). 4 .81 (d, J=6 .0. 1H) , 5.86(dd. 
J=3.0.5.0.1H) , 6.00-6.08(2H) , 6. 15(d. J=2.5. IH) , 7. 
65 (d.J=2.5.1H) 

it^^l4 (2- (3-iDethylpyrazol-l-yl) -phenol) <D^i^ 
EI-MS(m/z) :174.(M*) 
»H-NMR: (500MHz; CDC la) 

2.31(s.3H). 6.20(d.J=2.5.lH) . 6.82(dd.>7.4 .7.4 . 1 
H). 7.03(d.J=7.4,lH). 7.09(ddJ=7.4.7.4.1H) . 7.25 20 
(d.J=7.4.1H). 7.81(d,J=2.5.1H) , 11.53(s.lH) 
[0 15 7] 5-12. 2 -^Vv^/Ut^y i^>C7)^tfe^4^ 

(Ml) 

izmM (pKF2072) t2--<>iyjU\i^Vi^:^(Dm:^mm 
m 700 m\ii:i^M<D?^ ^ y --/U^milUL.. ^UX'2^m 
mWl^tZo Cl;h.^7000 rpm. 10 miniS'l^^^gtb. _bfS^ 

7 A (MerckeO, ^Icm x 30cm) tC^U. CH2CI2 : MeOH . 30 
= 5 0 : lc^^«£-Cjg^-rSr it^mS (3 

- (2 - t'y v^/Wp^ ^/l^) -3, 5 -->^ t3^dei^v?ji 

2->^::d-— /u) (5.6mg)^i|3efife/j:i^®i: urm 

'fb'a'4^15 (3- (2-pyridylraethyl) -3,5-cyclohexadiene- 
1.2-diol) 0«3ft 
EI-MS(m/2) : 203 (M*) 
>H-NMK (500 MHz.DMSO-de) 

3.55-3.62(2H) , 3.82(m.lH). 4.03(m,lH). 5.57(d.J=4. 
9.1H). 5.66(dd.J=3.0.9.7.1H). 5.80(m.lH). 7.21(dd. 40 
J-5.5. 6.0.1H). 7.27(d.J=7.6.1H). 7.70(ddd.J=:4 .9. 
6.0. 7.6,1H), 8.46(d.J=5.5.1H) 
[0158] 5-13. 1 -^l^i^/i^^ ^ ^y—/\^(D^^M 

mm?) 

:kmM (pKF2072) t 1 — <>i^/\^^ ^ i^y—yi^(Dm^ 

700 inHc:«S<^57«^y— /I^^^^Pb. 
^Fs^JS^LfCo ^th^ 7.000 rpm. 10 miniS'L^^^SI 
±«^lHli|XUfCo ±?Sfi«ffiT300 ffll^X'S^L. «ft 
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jvtiy (Merck60. 0 2cm x 30cm) (C^L. CH2CI2 : M 
e0H=7: \(r>^WkXWiWi't^Z.h\:L^^. 'fk-g^felB (3 
- (IH- 1 --f ^iJ^i/y /V-P^^v'^) -3, 5-'>>5^n 

1 , 2 -"u^:^— yu) (2mg) ^W^-^^mn 

^b^^ie (3-(lH-l-imidazolylmethyl)-3,5-cyclohexad 

iene-1.2-diol) (O^ti 

EI-MS(m/z) :192(MO 

> H-NMR (500MHz . DMSO-de ) 

3.72(m,lH), 4.00(m,lH). 4 .62 (d . J=15 .9. IH) . 4.77(d,. 
>15.9.1H), 5.58(dJ=5.5.1fl). 5.75(ddJ=3.0. 9.1.1 
H). 5.82(m.lH). 6.89(s.lH). 7:iO(s.lH). 7.61 (s.lH) 

[0 15 9] 5-14. 4-^:/i;^/^-Y y^r y'— /uo^ife 

mm mi) 

-xm^ (pKF2072) 4 -^:/v^/^>< y^r y"— /uco^ 

'&««?S700 mliC#S(D7« ^ J — /U^jfe^JP L. W^X 2 
BffB^Jt^U/Co 7.000 rpm. 10 minjS^L>5)'«IL. 

±f»^lHliiXLfCo _h«fi:«^aT300ml*T'^t^L. ^ft 

cog^g^j^^/U'-c2a[amUirco »e^^^/^»^«iET« 

^b. i^^1^^W^=^^34mg^#/Co 

7 A (MerckeO. ^ 2cm x 30cra) CH2 CI2 : MeO 

H = 40 : l<?)^^T*Mf^-rs:i^(C<t<9. it^mi7 (3- 
(4 — r y^r y y /W;^^/^) -3, S-v-^n^rSrl^ 
v^3n>--l, 2->^::d-— /W) (8.0mg) . it^itmiS (2- 

(4 — f y^ry y /i-^^/i-) y^iy— yu) (e.Smg)^ 

it-a^mn (3-(4-isothiazolylmethyl)-3.5-cyclohexadi 

ene-1.2-diol) (Omi^ 

EI-MS(m/z) :209(M*) 

1 H-NMR :(500MHz. DMSO-de) 

3.52(d.J=16.5.1H) . 3.62(d.J=16.5. IH) . 3.78(dd.J=6. 
0.6.0.1H) . 4.03(m.lH) .4 .61 (d. J=6.7 . IH) . 4 .66(d . J= 
6.0.1H). 5.55(d.J=5.5.1H). 5.68(dd.J=3.0.9.8. IH) . 
5.80(dd.>5.5.9.8.lH). 8.42(s.lH). 8.70(s.lH) 
it-a-miS (2-(4-isothiazolylmethyl)phenol) <Dm^ 
EI-MS(m/z) :191(M*) 
'H-NMR: (500MHz. DMSO-de) 

3.93(s.2H). 6.71(dd.J-7.4.7.4.1H) , 6.80(d.J=7 .4 . 1 
H). 7.02(dd.J=7.4.1H).7.06(d.J=7.4.1H). 8.43(s.l 
H). 8,59(s.lH). 8.72(s.lH) 
[0 16 0] 5-15. 2- (2- 1 Kcrdf-v^:7 3^=./U) -< 

i^y^'^y—/\-(D^i^mm m?) 

±mM (pKF2072) t2- (2-t Kn;^iy>^3i^/W 

^>^^^-^y—/i^<om'^^^t& 700 muzmM(r>?^^ y 

— /W^l^APU. ^UX'2^mmW\^tz.o rtl^7.000 rp 
m. 10 minS'L^^^'BIU. -bm€rllI»lX L^ho ±fSfiSEET3 

00 mi^T-^siu. mm(Dmm^^^^x2mi^m\^fzo 
mMk=^^/^m^m&Tmmi.. ^^m^m:^^:^4Q mg 

yho ^ ^ (MerckBO. <|> 2cm x 

30cm)(cWb. v^iJ' a py : g^g&^^/^= 1 0 : 1 
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{^-0^19 (2-{2-hydroxyphenyl)-4,5-dihydro-l .3-benz 
oxazole-4 . 5-diol) CO^tt 
EI-MS(m/z): 243 (M*) 

»H-NMR: (500MHz, DMSO-de) :4 .50(2H) . 5.22(d.J=5.5. 1 
H). 5.33(d.J=6.7,lH), 5.95(d.J=10.0. IH) . 6.57(dd.J 
=2.4. 10.0, IH) . 7.00(dd,J=7.3.7.3.lH) . 7.04(d.J=8. 
6.1H), 7.39(dd.J=7.3.8.6.1H). 7.79{d. J=7 .3. IH) . 1 

0.92(s.lH) 

[01611 5-16. 2- (p - h y /U') t:°y i^XD^^ 

mm mi) 

i^mM (pKF2072) t2- ( p - m; e y vcd^ 
-g'©*?^? 700 nii(c«S:6o>?« ^ y — /u^^;!jn Us ^^ar* 

2^r«1«I^L/Co m^7.000 rpm. 10 minit'L^^^^ 
L. -bft^lHlllXL/cio ±SJiMEET300ml^-C|g^L. 

i3^jV:^'7J^ (Merck60, <i>2c0i x SOcm) (C^U. i^:^^ 
unp<i$'>'T*Mr^'r'5r tdct it^^ZO (2- (4 
-^^/l-^oi^i/U') - 3 - e y v^::^— /U) (9mg)^|3£# 

it^^ZO (2- (4-iDethy Ipheny 1) -3-pyridiol) CO^-ti 
EI-MS(m/z): 185(M*) 

»H-NMR: (500MHz. DMSO-de) :2.33(s.3H) . 7.15(dd.J=4. 
3.7.9.1H). 7.21(d.>7.9.2H) , 7 .29(d, J=7 .9 . IH) . 7.9 
l(d.J=7.9.2H) . 8.11(d.J=4.3.1H), 10.06(s.lH) 
10 16 2] 5-17. 2 - n - y'f'Ji^^l^y y ^ XD^^ 

mm m?) 

:km^ (pKF2072) t 2-n-y^yl^^>y:7'7><Dm^ 
^^^m 700 mUzmM(D;<^ y—zi-^mMl.. ^i^T' 
2Wr^mW\^tio rtt^7.000 rpm. 10 miniS'^5^B6 

±tS^[Hll|XLycio Jt:?Sfi®JET300 ml^T'^^L. 
^ScOg^K^^/WT*2SlftmbfCo 

y ;?7 >//U':;l7 7 A (MerckSO, 0 2cm x 30cm) (d^ L . ---^ 
iJ-V : i^^:3i^yU= 1 0 : 1 <0^|«-CMMi-S ^ ^ <t 

"9. it-tmzi (2->^^/^^>'/ [b] :7^:x-6-;^ 

-/1-) (17mg). <t:-g^ife22 (2->^^/l--<:/>^ [b] 7 
^ 5 (5mg) ^^n^*ix^5^/<^4^K i: UT 

it^^2l (2-butylbenzo[b] furan-6-ol) (D^^ 
EI-MS(m/z): 190(M^) 

»H-NMR: (5OOMH2. CDCl3):0.91(t J=7.3.3H). 1.37(m,2 
H). 1.67(m.2H). 2.68(m.2H) . 4.81(s.lH). 6.24(s.l 
H). 6.67(dd.J=2.4.7.9.1H), 6.88(s.lH). 7.24(d.>7. 
9.1H) 

22 (2-butylbenzo[b]furan-5-ol)C0fe)ti 



(25) 2003-2 69 

48 

EI-MS(m/z) :190(M*) 

»H-NMR: (500MHz. CDCI3) :0.91 (t .J=7.3.3H) . 1.37(m,2 
H). 1.67(m,2fl), 2.67(m.2H). 4.58(s.lH), 6.23(s.l 
H). 6.76(dd.J-2.0.8.0.1H) , 6.84(d.J=2.0. IH) . 7.21 
(dJ=8.0.1H) 

10 16 31 5-18. 3-n — ^^i^/l^^^y :sl>^(D^^ 

mm m?) 

±fi^M (pKF2072) ,^ 3 -n -^^v^/^^:^:7ai:/C0^ 
-^Ig^iffi 700 mnc«l:<^7{^y— /W^^^DU. ^t^-c 
10 2^mm.W\^t^o m^7.000 rpm, 10 min3§/C.^5^gl 
L. ±m^mi^\^fCo Jbmti®i£T300 ml^X'SffiU. 

y y 7 A (MerckGO, <fr 2cm x 30cm) {C^b. ^ 

g^^^^^^=5 : 1 CO^^T-Ml^i" 6 w t^iJ: 
9. it-^mzs (4 — --=^WU- 2, 3-v^t: Kp-2. 

[0 16 41 it^mZZ (4-hexyl-2.3-dihydro-2.3-thio 
20 phenedlol) (Om\^ 
EI-MS(m/z) :202(M") 
>H-NMR: (500MHz. CDCI3) 

0.88(t.J=7.3.3H) . 1.22-1.55(8H) . 2. 16(t.J=7.3.2H) . 

4.53(s.lH), 5.54(s.lH). 5.82(s.lH) 

[0165] II^SS^J 6 : ^W.^^mm(D'iL{^^^<D^'^ 
1. 2-i^t: Kni;^r->-3. ^ -i^^ u^^'^i^=s:->m 

•rrtte5COjt:'a^i^^(R)-2NMA(;^ h^v^- (2--:^:7^ 
/^)itK) i3j:t;«(s)-2NMA<J:<^v?:3^^'r/V'<*:'^*#. ^ 
30 (7) IH-NMR^tf^iJLfCo -^n-^'txcT^^^y^/Wb-^i^co^/ 
i/-:hyu<0{k:^>-7 hM(6)^jE«ltcti-fiyb. A 6 ( 6 Re 
ster- 5 Sester) ^»tfi U^bo :i<7) A 6 IgO^^-^^grMf^-r 
-5 r <h J: (D^^iLW&m^^'&'r ^ Zt^^X^t fc 

(iii6*3<j:Tj^iii7#Bg) o me^xxj^mi ^(D^-^l^m 
[0 16 6] mmm? im^^wcBM^^^^ti^^^^ 

y'y:^^ KpKF2072 ^SacI /Smal X^Mmit^ . modified 
bDhAl::bphA2A3A4 ^-^1^4.06 kbt^^t tr^ t) ttl LfCo 

^UT. i*iSlllffi-<i^^— pIJ6021 (E. Takano.J. Whit 
40 e. C. J- Thompson. M. J. Bibb. Gene. 166. 133-137. 
1995 0m) ^Ndel -Hindi 1 1 X'ZlMmit^ . _b|E<7>4.06 
kb-SacI-HindIII^>T-t. ^^DNA 5^ -TATGAGCT-3* ^ 

mx.X T^— y>-i/^. Klenow^^t-^^T-^^Ufc 

ligation^is^tfo/co :kmmjuio9m^mmmm 

Wis S^^-r-S^^^^^^ KpIJ-2072^^#/Cp pIJ-2072t:i 

*5V>T. «ci6a®<??3^;^?:c:7^n^-tJ'- PupA ^oy 

;J<y — i^^-^^lit^t^CT^t-. modified bphAl itfi 

bphA2A3A4 m&^tm< J: 5 tC7^if>Y 
tbrv^So -r^^^:?*^. S'tOl^'&SPffiJi. GAGAAGGGAGC GGA 
50 CATATGAGCTCATC ttii-^Xl^^o T^^ti. y ^i^y — Ajg 
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^"^i^LV^Kf. 1 8-^2 O^B<DkTG^^h modified bph 
Al ^Blrm^^oX\^^^o KpIJ-2072^ 

feiUBi Streptomvces 11 vi dans TK21 (D. A. Ho 
pwood, M. J. Bibb. K. F. Chater et al . Genetic man 
Ipulation of Streptomyces : A laboratorymanual . The 
John Innes Institute, Norwich, 1985 ^J^W 

[0 16 7] #btt7tffmfe*fe«^^^ 5fig/m\ (D:^^-^ 
v^^^-g-ti^YEMEi^ife (mjai<7)Hopwoode>(^*fT*#fi^) 

— <7)p#$r;0^(t^fci^)5jug/inl (D^Th;^ h h (th 

iostrepton) ^^D;t. ^btC. SO^-C 24^Pp1i&ll L 

fCo -^LT. m^^^McA^m^ (Hfj^Z&COHopwoodf>(7>*^T 

10 mg(^ma)/ml(C/j:-5J: 9fC?P®U. $f?tc. 

i^M^SraW^ HPLC:9'«f.^^To/Co -^rO^g;^. 2-:7 
y >-fi, 100%. >?;d-— yuft: (|g6co i) 

10 16 8] llj5S^J8 : Kco^^^JiS^ 

K(pIJ-2072)^ffiv^T. :7^7K>-. :7^y</:/, s-fc K 

Mfi^ [10 mg(^fifi)/inl]AO <7)§/hJtJt^ 1000 ml(c:;?Jn 

[0 16 9] 8-2. ■7=7^l^<D'^^m^{M9) 

7000 rpm. \0 mixvm.'L-^ML.. JifS^HJlU bfCo -b«ti 

250 mg^£r^#fCo ^=3r;^^'>y [Silica Gel 

60 (Merck). 0 2 cm x 15 cm]tC#^L. ^^^l^ : 
3n^/p=3 : 1->1 : 1 <75^iKT*Mgl'r S w <t »9 . 
24 (12 mg). 25 (2.4 m%)^nWf^^nt \.XWm\^ 
fCo 24. IbVX^m:^^^ h/i-^'— ^(EI-MS. NMR)co<gtff 

24: 2* .3' -v^t Kn^>>^^;i<> (2* .3' -dihydro 
xyflavone) 

25: 3* -t Kn^i/y'^;}?^ (3' - hydroxy flavone) 

[0 1701 8-3. •7=7^<y i^<D^^mm{m9) 

^7000 rpm. 1 OiDiniS'L-:9'SI _bff ^IhJUX LfCo Ji?S 



50 

fii)^JET300 ml*T*«filL> ^S<7)it®?Ji^/UT* 2 S^tt 

;^300 mg$r#:^o y 7 ^ [Silica G 

el 60 (Merck). 4> 2 cm x 15 cm]le:#tL. ^^-^l^ : 

Kffi^^^/u=3 : i<Dmmxmmi-^:it(i^^^. 26 

(13.2 mg). 27 (4.4 mg), 28 (4 .6mg) ^ U 

Xmmi^tio 26. 27. ZSi-ii^m^^^ h/i-v'—^ [EUU 
S, mR)(DmVfliZX^. ^tl^tl 

26: 2' . 3' - v^t Ko :3f-i^7 (2' . 3' -dih 
10 ydroxy f 1 avanone) 

27: 2* -t Kn^v':7^^'^y (2' -hydroxyf lavanon 

e) 

28: 3' h*V2^>Z7'^y<y :y (3' -hydroxyf lavanon 

e) irl^SLfCo 
[0 1 7 11 26 [2' .3' -dihydroxyflavanone]<Oi^ti 

EI -MS (m/z): 256 (M*) 
>H-NMR (500 MHz. DMS0-d6) 

2.76 (dd. >3.0. 16.5. IH) . 3.16 (dd. J=13.0. 16. 
5. IH). 5.78 (dd. >3.0. 13.0. IH) , 6,70 (dd. J=7. 
20 9. 7,9). 6.80 (dd. >1.2. 7.9. IH) . 6.93 (dd.>l. 
2. 7.9. IH). 7.07 (d. J=7.9). 7.08 (dd. J=7.9. 7. 
9. IH). 7.57 (ddd.J=1.8. 7.9. 7.9). 7.79 (dd. J=l . 
8. 7.9. IH) 
[0 17 2] 8-4. 6- 1 Kn=5r'>:7 7^<y 

1000 mH^^m<0;^ ^ J 'mM.X 2 ^PbIH 

^LfCo m^7000 rpm. 10 minS'L-^^Bt ±»^[hI 
liXLfco ±.^S^i^)^T300ml*-C^SiL. ^ftC0g^^:3i 

30 ^/u'C2gttttiuyho ftm^f-^y^m^w&-TWM\^. ^ 

fi5c^'^^^=3^:^250 rag^^tfcc ^=3f-;^^v^y j^-i^/i-;^^ 

A [Silica Gel 60 (Merck) . 0 2 cm x 15 cm] iCl^t 

u d;^ ^ y—/u=50 : 1 (T^^g^'CM^ 

•f witcj: 29 (8- 5mg), 30(9.0 mg)^ji3fi«!'>',e^ 
K^UT»filbfcc 29. Z{S\^^m:^^^ 
MS. NMR)C0^^JCJ: ^ . 

29 : 2' . 6-v?t Ku^i^:7^^<y >'(2' . 6-dihydrox 
yfl avanone) 

30: 3* . 6-v^t Kc3=3suo/:7^>'^y :^(3' . 6-dihydrox 
40 yfl avanone) ^ 1^ 5£ 

[0 17 3] ^j?S^J 9 : "^m^T ^ ^-O^jfe^/g 

^^;V'<oU:^y ^ ^^^^-^^^ "7 ^^^x. 1 5 ox:. 

S^^I^JPfRU^o ^^^^^fiv^y [Silica G 

el 60(Merck) . q2cm x 20cm. ^^-^l^ : g^^::n^/u= 
5:1] {ZXmmX^tio W^flkl^tL't^XCDit'^^XS.Jt^ 

50 -r^w^tcj:t9. ^atC7y-fr--i:W< wi:;&s-e# 



(27) 

51 

[01741 9 - 2 . ^^mr % XD^^HS^ 
a(pIJ-2072) ^ffl VNT. 9-1 T-f^K Lyh3g=#lSr ^ 

otco X^mmi^at.. ^tih<Dm«^^ O.l io 

mg/mi<Dmm»mx\ no mgi±mm)/mi]7<o(Dm 
y^mm 1000 mi{cm^. sox:^ 2Bm. ^^^m^no 

[0 17 5] 9 — 3. '7:sL=^/U:i:.=^/UT^XD'7^/i^Wt 

[2-(i-:7ai^/i-3i^/u)-i,3--r y-r > Ki^ ^^e;^:^:/] 

^?a'C2^Kti^^Lfc:o :itt^7000 rpm. 10 miniS^i^ 
r^BIL. ±m^lH]llXLfco Jim*i^^JET300 ral^T'M^ 20 

iSiET^^L. ^fife^^W^ =3^.^350 mg^#fCc ^=^;=^ 

7 ^[Silica Gel 60 (Merck) , « 2cm x 

. mm^^^tiizxy) . 31 {4,2 mg)^n^^j:!^wtvx 

2-[l-(4-fc: Kci:af>v':7a:^yu)3^5^/U]-1.3-'1' K 
y [2-[l-(4-hydroxyphenyl)ethyl]-1.3-isoin 

doiinedione] t\al^Ltio 30 

[0 17 6] 31 [2-[l-(4-hydroxyphenyl)ethyl]-1.3-i 
soindolinedione] (D^\^ 
EI -MS (m/z): 267 (M*) 
»H-NMR(500 MHz. CDCI3) 

1.88 (d. J=7.3. IH). 5.49 (q. >7.3. IH) . 6.76 (d. 

J=8.5. 2H). 7,38 (d,J=8.5. 2H) , 7.66 (dd, J=3.1. 
5.5. 2H). 7.77 (dd. J=3.1. 5.5, 2H) 

[0177] 9-4. X t Kn-:h>'^/UT^ VCO^' 

^ [2-(1.2.3.4-7^ h^t KD-i--^>^i5^U^ 

/U')-1.3-'Y > Ky Vv;^:^>:] ^OrE'&it^f^lOOO ml 

m^7000 rpm, 10 miniS'^^)'^ _h?t^lHll|X LfCo 
Jt:«(ii*JET300 ml^-Cg^L. ^fl:(7)g^g&:3i^/U-C 2 

350mg^#fCo >^ ^ y ;tf ^ -6. ( S i 1 i ca 

Gel 60(Merck). <fr 2cm x 10cm] ICWU. ^^1^^^ : 
g^a:^/U=3 : l<Dm^XmWi^^::,t\^^K> . 32 (5. 
2mg)^*fi«!^>:e^S^ UT^^UfCo 32fi#m;^-<t5' h^w so 
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t"- (EI -MS . NMR)(7)^^tcJ: <9 . 
2-(4-t Kn:^r'>-1.2.3.4-'7" Vu-l.-i-y^l^ 
nyW)-1.3-f y-f :^ Ky :^>^;t>' [2- (4 -hydroxy- 1.2. 
3.4- te t rahydro- 1 - naphtha 1 eny l)-1.3-isoi ndo 1 i ned i on 
e] ^I^^Ly^Co 

[0 17 8] 32 [2-(4-hydroxy-1.2,3.4-tetrahydro-l- 
naphthalenyl)-! .3-isoindol inedione] (D^\^ 
EI -MS (m/z): 293 (M*) 
'fl-NMR (500 MHz. CDCI3) 

1.82 (m. IH). 2.17 (tn. IH) . 2.36-2.44 (2H) . 5.01 
(dd. J=4.9. 9.2, IH). 5.56 (dd. J=6,7. 9.8). 6.93 
(d. J=7.9. IH). 7.14 (dd. J=7.9. 7.9. IH) . 7.26 (d 
d. J=7.9. 7.9. IH). 7.60 (d. J-7.9. IH) , 7.71 (dd. 
J=3.0. 5.5. 2H).7.82 (dd. J-3.0. 5.5. 2H) 

[0 17 91 Mmm \ 0 : ^^mio jy^'^^:y^<o^^KJt- 

M(pIJ-2072)^^V^T. ^#;K;^/^:l0^r**>a. 1--^ 
:7 h-f 5/^ge(l -naphthoic acid) *fci{il--:^:7^/Ug^S& 
(1-naphthylacetate) (HI 8 ) C7Dg^|^^^^tf o X'O 
Z,iXh<Om9,^. ^tX^^fl. 0.1 mg/mlCOS 
^m^X. [10 mg(^mS)/ml]At)<OS/h:S«fe 10 

GO ralt^An;t. 30X:, l^m. *#i§^^fT 9 w J: 0 

[OI8OI 10-2. V-< y^^(0'^^M^ 

tZo 7000 rpm. 10 rainiS^L^5^g|L. Jift^lHlllXU 

fZo ±mnm.f£T30Q ml^XmmX^. in HC1T*pH3.0(C 

>^^'>y :5S7>>'/U:3E7^^ [Silica Gel 60{Merck) . 0 2cm 
X 15cm] tC^U. v>iJ7 u C2^ : /--/U= 1 5 : 

1 (Dmrnxmrn-r ^ t \z X 0 . 33(5.2 mg)^«ifi«**?'^*3 

KtLT^^LfCo 33fi^S:^^i^ b/W-y^— (EI-MS. 
NMR)CD^»*ft-J: 

4-t ^i^'l-^y h-f -y^Sk (4 -hydroxy- 1-naphtho 
icacid) il^^bfCp 

[0 18 1] 33 [4-hydroxy-l-naphthoicacid]0^ti 
EI -MS (m/z): 188 (M*) 
>H-NMR (500 MHz. DMS0>d6) 

6.90 (d. J=7.9. IH). 7.49 (dd, J=7.3. 7.3), 7.58 
(dd. J=7.3. 9.1). 8.l2(d. J=7.9. IH) . 8.22 (d. > 
7.3. IH) . 9.02 (d. J=9.1. IH) 

[0182] 10-3. i-'ry'^/\^w^^o:>^^M^ 

wtVilr7000 rpm. 10 minji'L>5>SIU. JifS <^ lelitZ b fco 
±®fiJlSlET300 ml^-CSJ^L. IN HCir*pH3.0tCl^S 
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»H-NMR (500 MHz. CDCI3) 

3.96 (s. 2H). 6.72 (d. >7.9. IH) . 7.18 (d. J=7.9. 

IH). 7.45 (dd, J=7.9,7.9, IH) . 7.51 (dd. 7.9, 8. 
5). 7.88 (d. J=8.5, IH) . 8.22 (d. >7.9. IH) 

[0 18 4] 35 [5-hydroxy-l-naphtylacetate](^#l'tt 
EI -MS (m/z): 202 (W) 
iH-NMR (500 MHz. CDCI3) 

4.03 (s. 2H). 6.80 (d, J=7.3. IH) . 7.30 (dd. J-7. 
3. 7.3. IH). 7.39 (2H).7.51 (d. J=7.3. IH) . 8.16 
(dd. J=2.5. 7.9. IH) 
[0 18 51 



JETS^^b. ^^ife'&^3^=^:^380mg^#^Co 
>y ;5?7>7*/U:?t7^i^ [Silica Gel 60(Merck) . <t> 2cm x 15 
cm] i^^uu^^> : ;>^^ y — /U= 1 5 : KD 

mmx'mm'r^:itiiZ,x^. 34 (3.6 mg). 35 (2.0 mg) 

^n^^J:^mtl.xmm\^fZo 34. 35fi#M;^-<^ h/^ 
7^— i$^(El-MS. NMR)<0»«ft-i: "9 . 

34: KD^r'>-l-•:^:7^/l-g^^ (4-hydroxy-l-naph 

thy 1 acetate) 

35: 5-fc Ki:i^f'>-l--^7f^/l'gtSf (5-hydroxy-l-naph 
thylacetate) icI^^U^^o 
[0 18 3] 34 [4-hydroxy-l-naphthylacetate]<7>^'l4 

EI -MS (m/z) : 202 (M*) 

SEQUENCE LISTING 

<110> Kirin Beer Kabushiki Kaisha 

<120> A method for producing a heterocyclic compound and an aromatic 
carboxylic acid having a hydroxyl group (s) . and modified 
aromatic ring di oxygenase 

<130> 133206 

<140> 

<141> 

<160> 11 

<170> Patent In Ver. 2.1 
<210> 1 
<211> 1377 
<212> DNA 

<213> Pseudomonas pseudoalcali genes 

<220> 

<221> CDS 

<222> (1).,(1377) 

<400> 1 

atg age tea gca ate aaa gaa gtg cag gga gcc cct gtg aag tgg gtt 
Met Ser Ser Ala He Lys Glu Val Gin Gly Ala Pro Val Lys Trp Val 

15 10 15 

acc aat tgg acg ccg gag gcg ate egg ggg ttg gtc gat cag gaa aaa 
Thr Asn Trp Thr Pro Glu Ala He Arg Gly Leu Val Asp Gin Glu Lys 

20 25 30 

ggg Gtg ctt gat cca cgc ate tac gcc gat cag agt ctt tat gag ctg 
Gly Leu Leu Asp Pro Arg He Tyr Ala Asp Gin Ser Leu Tyr Glu Leu 

35 40 45 

gag ctt gag egg gtt ttt ggt cgc tct tgg ctg tta ctt ggg cac gag 
Glu Leu Glu Arg Val Phe Gly Arg Ser Trp Leu Leu Leu Gly His Glu 

50 55 60 

agt cat gtg cct gaa acc ggg gac ttc ctg gcc act tac atg ggc gaa 
Ser His Val Pro Glu Thr Gly Asp Phe Leu Ala Thr Tyr Met Gly Glu 
65 70 75 80 

gat ccg gtg gtt atg gtg cga cag aaa gac aag age ate aag gtg ttc 
Asp Pro Val Val Met Val Arg Gin Lys Asp Lys Ser He Lys Val Phe 

85 90 95 

ctg aac cag tgc egg cac cgc ggc atg cgt ate tgc cgc teg gac gcc 
Leu Asn Gin Cys Arg His Arg Gly Met Arg He Cys Arg Ser Asp Ala 



48 



96 



144 



192 



240 



288 



336 
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100 105 110 

ggc aac gcc aag get ttc acc tgc age tat cac ggc tgg gcc tac gac 
Gly Asn Ala Lys Ala Phe Thr Cys Ser Tyr His Gly Trp Ala Tyr Asp 

115 120 125 

ate gcc ggc aag etg gtg aac gtg ccg ttc gag aag gaa gee ttt tgc 
He Ala Gly Lys Leu Val Asn Val Pro Phe Glu Lys Glu Ala Phe Cys 

130 135 140 

gac aag aaa gaa ggc gac tgc ggc ttt gac aag gcc gaa tgg ggc ccg 
Asp Lys Lys Glu Gly Asp Cys Gly Phe Asp Lys Ala Glu Trp Gly Pro 
145 150 155 160 

etc eag gca cgc gtg gca ace tac aag ggc ctg gtc ttt gcc aac tgg 
Leu Gin Ala Arg Val Ala Thr Tyr Lys Gly Leu Val Phe Ala Asn Trp 

165 . 170 175 

gat gtg cag gcg eca gac ctg gag acc tac etc ggt gac gcc cgc ccc 
Asp Val Gin Ala Pro Asp Leu Glu Thr Tyr Leu Gly Asp Ala Arg Pro 

180 185 190 

tat atg gac gtc atg ctg gat cgc acg ccg gcc ggg act gtg gcc ate 
Tyr Met Asp Val Met Leu Asp Arg Thr Pro Ala Gly Thr Val Ala lie 

195 200 205 

ggc ggc atg cag aag tgg gtg att ccg tgc aac tgg aag ttt gcc gee 
Gly Gly Met Gin Lys Trp Val lie Pro Cys Asn Trp Lys Phe Ala Ala 

210 215 220 

gag cag ttc tgc agt gac atg tac cac gcc ggc acc atg teg cac ctg 
Glu Gin Phe Cys Ser Asp Met Tyr His Ala Gly Thr Met Ser His Leii 
225 230 235 240 

tec ggc ate etg gcg ggc atg ccg ccg gaa atg gac ctg teg eat gca 
Ser Gly lie Leu Ala Gly Met Pro Pro Glu Met Asp Leu Ser His Ala 

245 250 255 

cag gtg ccc ace aag ggc aac eag ttc egg gcc ggc tgg ggc ggg cac 
Gin Val Pro Thr Lys Gly Asn Gin Phe Arg Ala Gly Trp Gly Gly His 

260 265 270 

ggc teg ggc tgg ttc gtc gac gag ccg ggc atg etc atg gcg gtg atg 
Gly Ser Gly Trp Phe Val Asp Glu Pro Gly Met Leu Met Ala Val Met 

275 280 285 

ggg ccc aag gtc acc cag tac tgg ace gaa ggt ccg get gcc gac etg 
Gly Pro Lys Val Thr Gin Tyr Trp Thr Glu Gly Pro Ala Ala Asp Leu 

290 295 300 

gca gaa eag ega etg ggc cac ace atg ccg gtt cga cgc atg ttc ggc 
Ala Glu Gin Arg Leu Gly His Thr Met Pro Val Arg Arg Met Phe Gly 
305 310 315 320 

cag cac atg age gtc ttc ccg ace tgc teg ttc etc ccg gcc ate aac 
Gin His Met Ser Val Phe Pro Thr Cys Ser Phe Leu Pro Ala He Asn 

325 330 335 

ace ate egg acc tgg cac ccg cgc ggc ccc aac gaa ate gaa gtg tgg 
Thr He Arg Thr Trp His Pro Arg Gly Pro Asn Glu He Glu Val Trp 

340 345 350 

gcc ttc ace ttg gtc gat gee gat gee ccg gee gag ate aag gaa gaa 
Ala Phe Thr Leu Val Asp Ala Asp Ala Pro Ala Glu He Lys Glu Glu 
355 360 365 



384 



432 



480 



528 



576 



624 



672 



720 



768 



816 



864 



912 



960 



1008 



1056 



1104 
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tat cgc egg cac aac ate cgc ace ttc tee gea ggc ggc gtg ttt gag 1152 
Tyr Arg Arg His Asn He Arg Thr Phe Ser Ala Gly Gly Val Phe Glu 

370 375 380 

cag gac gat ggc gag aac tgg gtg gag ate cag aag ggg eta cgt ggg 1200 
Gin Asp Asp Gly Glu Asn Trp Val Glu He Gin Lys Gly Leu Arg Gly 
385 390 395 400 

tac aag gcc aag age eag ccg etc aat gee cag atg ggc ctg ggt egg 1248 
Tyr Lys Ala Lys Ser Gin Pro Leu Asn Ala Gin Met Gly Leu Gly Arg 

405 410 415 

teg cag ace ggt cac cct gat ttt ect ggc aac gtc ggc tac gtc tac 1296 
Ser Gin Thr Gly His Pro Asp Phe Pro Gly Asn Val Gly Tyr Val Tyr 

420 425 430 

gcc gaa gaa geg gcg egg ggt atg tat cac cac tgg atg cgc atg atg 1344 
Ala Glu Glu Ala Ala Arg Gly Met Tyr His His Trp Met Arg Met Met 

435 440 445 

tec gag cce age tgg gcc aeg etc aag ccc tga 
Ser Glu Pro Ser Trp Ala Thr Leu Lys Pro 

450 455 
<210> 2 
<211> 458 
<212> PRT 

<213> Pseudomonas pseudoa leal i genes 
<400> 2 

Met Ser Ser Ala He Lys Glu Val Gin Gly Ala Pro Val Lys Trp Val 

1 5 10 15 

Thr Asn Trp Thr Pro Glu Ala He Arg Gly Leu Val Asp Gin Glu Lys 

20 25 30 

Gly Leu Leu Asp Pro Arg He Tyr Ala Asp Gin Ser Leu Tyr Glu Leu 

35 40 45 

Glu Leu Glu Arg Val Phe Gly Arg Ser Trp Leu Leu Leu Gly His Glu 

50 55 60 

Ser His Val Pro Glu Thr Gly Asp Phe Leu Ala Thr Tyr Met Gly Glu 
65 70 75 80 

Asp Pro Val Val Met Val Arg Gin Lys Asp Lys Ser He Lys Val Phe 

85 90 95 

Leu Asn Gin Cys Arg His Arg Gly Met Arg He Cys Arg Ser Asp Ala 

100 105 HO 

Gly Asn Ala Lys Ala Phe Thr Cys Ser Tyr His Gly Trp Ala Tyr Asp 

115 120 125 

He Ala Gly Lys Leu Val Asn Val Pro Phe Glu Lys Glu Ala Phe Cys 

130 135 140 

Asp Lys Lys Glu Gly Asp Cys Gly Phe Asp Lys Ala Glu Trp Gly Pro 
145 150 155 160 

Leu Gin Ala Arg Val Ala Thr Tyr Lys Gly Leu Val Phe Ala Asn Trp 

165 170 175 

Asp Val Gin Ala Pro Asp Leu Glu Thr Tyr Leu Gly Asp Ala Arg Pro 

180 185 190 

Tyr Met Asp Val Met Leu Asp Arg Thr Pro Ala Gly Thr Val Ala He 

195 200 205 

Gly Gly Met Gin Lys Trp Val He Pro Cys Asn Trp Lys Phe Ala Ala 
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210 215 220 

Glu Gin Phe Cys Ser Asp Met Tyr His Ala Gly Thr Met Ser His Leu 
225 230 . 235 240 

Ser Gly He Leu Ala Gly Met Pro Pro Glu Met Asp Leu Ser His Ala 

245 250 255 

Gin Val Pro Thr Lys Gly Asn Gin Phe Arg Ala Gly Trp Gly Gly His 

260 265 270 

Gly Ser Gly Trp Phe Val Asp Glu Pro Gly Met Leu Met Ala Val Met 

275 280 285 

Gly Pro Lys Val Thr Gin Tyr Trp Thr Glu Gly Pro Ala Ala Asp Leu 

290 295 300 

Ala Glu Gin Arg Leu Gly His Thr Met Pro Val Arg Arg Met Phe Gly 
305 310 315 320 

Gin His Met Ser Val Phe Pro Thr Cys Ser Phe Leu Pro Ala He Asn 

325 330 335 

Thr He Arg Thr Trp His Pro Arg Gly Pro Asn Glu He Glu Val Trp 

340 345 350 

Ala Phe Thr Leu Val Asp Ala Asp Ala Pro Ala Glu He Lys Glu Glu 

355 360 365 

Tyr Arg Arg His Asn He Arg Thr Phe Ser Ala Gly Gly Val Phe Glu 

370 375 380 

Gin Asp Asp Gly Glu Asn Trp Val Glu He Gin Lys Gly Leu Arg Gly 
385 390 395 400 

Tyr Lys Ala Lys Ser Gin Pro Leu Asn Ala Gin Met Gly Leu Gly Arg 

405 410 415 

Ser Gin Thr Gly His Pro Asp Phe Pro Gly Asn Val Gly Tyr Val Tyr 

420 425 430 

Ala Glu Glu Ala Ala Arg Gly Met Tyr His His Trp Met Arg Met Met 

435 440 445 

Ser Glu Pro Ser Trp Ala Thr Leu Lys Pro 

450 455 
<210> 3 
<211> 642 
<212> DNA 

<213> Pseudoraonas alcaligenes 
<220> 
<221> CDS 
<222> (1)..(642) 
<400> 3 

atg gtg ggc tgg acg tgc atg tgc aga egg cgc gcc gag gtt ccg tec 
Met Val Gly Trp Thr Cys Met Cys Arg Arg Arg Ala Glu Val Pro Ser 

15 10 15 

cot gat att tac ttg gag ata act gtt atg aea aat cca tee ccg cat 
Pro Asp He Tyr Leu Glu He Thr Val Met Thr Asn Pro Ser Pro His 

20 25 30 

ttt ttc aaa aca ttt gaa tgg cca age aag gcg get ggc ctt gag ttg 144 
Phe Phe Lys Thr Phe Glu Trp Pro Ser Lys Ala Ala Gly Leu Glu Leu 

35 40 45 

cag aac gag ate gag cag ttc tac tac cgc gaa gcg cag ttg ctt gac 192 
Gin Asn Glu He Glu Gin Phe Tyr Tyr Arg Glu Ala Gin Leu Leu Asp 
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50 55 60 

cac egg gcc tac gag gcc tgg ttt gcc ctg ctg gac aaa gat ate cac 
His Arg Ala Tyr Glu Ala Trp Phe Ala Leu Leu Asp Lys Asp He His 
65 70 75 80 

tac ttc atg ccg ctg cgc acc aat cgc atg ate egg gag ggc gag ctg 
Tyr Phe Met Pro Leu Arg Thr Asn Arg Met lie Arg Glu Gly Glu Leu 

85 90 95 

gaa tat tec ggc gac cag gat gtt gcc cat ttc gat gaa acc cat gaa 
Glu Tyr Ser Gly Asp Gin Asp Val Ala His Phe Asp Glu Thr His Glu 

100 105 no 

acc atg tac ggg cgc ate cgc aag gtg acc teg gac gtg ggc tgg gcg 
Thr Met Tyr Gly Arg He Arg Lys Val Thr Ser Asp Val Gly Trp Ala 

115 120 125 

gag aac ccg cct tee cgc aeg cgc cac ctg gte tec aac gtc ate gtc 
Glu Asn Pro Pro Ser Arg Thr Arg His Leu Val Ser Asn Val He Val 

130 135 140 

aag gag aeg gcc aeg ccg gat acc ttc gag gtc aat tee gea ttc ate 
Lys Glu Thr Ala Thr Pro Asp Thr Phe Glu Val Asn Ser Ala Phe He 
145 150 155 160 

ctg tac cgc aat egg ett gag cgc cag gte gac ate ttc gcg ggc gaa 
Leu Tyr Arg Asn Arg Leu Glu Arg Gin Val Asp He Phe Ala Gly Glu 

165 170 175 

cgc egg gac gtg ctg cgc cgc gcc gac aac aac ett ggt ttc age ate 
Arg Arg Asp Val Leu Arg Arg Ala Asp Asn Asn Leu Gly Phe Ser He 

180 185 190 

gcc aag cgc acc ate ctg etc gac gcc agt acc ttg ctg teg aac aac 
Ala Lys Arg Thr He Leu Leu Asp Ala Ser Thr Leu Leu Ser Asn Asn 

195 200 205 

ctg age atg ttc ttc tag 
Leu Ser Met Phe Phe 

210 
<210> 4 
<211> 213 
<212> PRT 

< 2 1 3> Pseudomonas a 1 ca 1 i genes 
<400> 4 

Met Val Gly Trp Thr Cys Met Cys Arg Arg Arg Ala Glu Val Pro Ser 

1 5 10 15 

Pro Asp He Tyr Leu Glu He Thr Val Met Thr Asn Pro Ser Pro His 

20 25 30 

Phe Phe Lys Thr Phe Glu Trp Pro Ser Lys Ala Ala Gly Leu Glu Leu 

35 40 45 

Gin Asn Glu He Glu Gin Phe Tyr Tyr Arg Glu Ala Gin Leu Leu Asp 

50 55 60 . 

His Arg Ala Tyr Glu Ala Trp Phe Ala Leu Leu Asp Lys Asp He His 
65 70 75 80 

Tyr Phe Met Pro Leu Arg Thr Asn Arg Met He Arg Glu Gly Glu Leu 

85 90 95 

Glu Tyr Ser Gly Asp Gin Asp Val Ala His Phe Asp Glu Thr His Glu 
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100 105 110 

Thr Met Tyr Gly Arg He Arg Lys Val Thr Ser Asp Val Gly Trp Ala 

115 120 125 

Glu Asn Pro Pro Ser Arg Thr Arg His Leu Val Ser Asn Val He Val 

130 135 140 

Lys Glu Thr Ala Thr Pro Asp Thr Phe Glu Val Asn Ser Ala Phe He 
145 150 155 160 

Leu Tyr Arg Asn Arg Leu Glu Arg Gin Val Asp He Phe Ala Gly Glu 

165 170 175 

Arg Arg Asp Val Leu Arg Arg Ala Asp Asn Asn Leu Gly Phe Ser He 

180 185 190 

Ala Lys Arg Thr He Leu Leu Asp Ala Ser Thr Leu Leu Ser Asn Asn 

195 200 205 

Leu Ser Met Phe Phe 

210 
<210> 5 
<211> 330 
<212> DNA 

<213> Pseudomonas a 1 call genes 

<220> 

<221> CDS 

<222> (1)..(330) 

<400> 5 

atg aaa ttt acc aga gtt tgt gat cga aga gat gtg ccc gaa ggc gaa 
Met Lys Phe Thr Arg Val Cys Asp Arg Arg Asp Val Pro Glu Gly Glu 

15 10 15 

gcc ctg aag gtc gaa agt gga ggc acc tec gtc gcg att ttc aat gtg 
Ala Leu Lys Val Glu Ser Gly Gly Thr Ser Val Ala He Phe Asn Val 

20 25 30 

gat ggc gag ctg ttc gca aca cag gac cgc tgc acc cac ggc gac tgg 
Asp Gly Glu Leu Phe Ala Thr Gin Asp Arg Cys Thr His Gly Asp Trp 

35 40 45 

tec ctg tec gat ggc ggc tat ctt gaa ggt gac gtg gtg gaa tgc tea 
Ser Leu Ser Asp Gly Gly Tyr Leu Glu Gly Asp Val Val Glu Cys Ser 

50 55 60 

ctg cac atg ggg aag ttt tgc gtt cgc acg ggc aag gtc aaa tea ccg 
Leu His Met Gly Lys Phe Cys Val Arg Thr Gly Lys Val Lys Ser Pro 
65 70 75 80 

ccg ccc tgt gag gca ctg aag ata ttt ccg ate cgc ate gaa gac aat 
Pro Pro Cys Glu Ala Leu Lys He Phe Pro He Arg He Glu Asp Asn 

85 90 95 

gac gtg ctg gtc gac ttc gaa gcc ggg tat ctg gcg cca tga 
Asp Val Leu Val Asp Phe Glu Ala Gly Tyr Leu Ala Pro 

100 105 110 

<210> 6 
<211> 109 
<212> PRT 

<213> Pseudomonas a 1 call genes 
<400> 6 



48 



96 



144 



192 



240 



288 



330 



(34) 



#81 2003-269 



65 



66 



48 



Met Lys Phe Thr Arg Val Cys Asp Arg Arg Asp Val Pro Glu Gly Glu 

15 10 15 

Ala Leu Lys Val Glu Ser Gly Gly Thr Ser Val Ala He Phe Asn Val 

20 25 30 

Asp Gly Glu Leu Phe Ala Thr Gin Asp Arg Cys Thr His Gly Asp Trp 

35 40 45 

Ser Leu Ser Asp Gly Gly Tyr Leu Glu Gly Asp Val Val Glu Cys Ser 

50 55 60 

Leu His Met Gly Lys Phe Cys Val Arg Thr Gly Lys Val Lys Ser Pro 
65 70 75 80 

Pro Pro Cys Glu Ala Leu Lys He Phe Pro He Arg He Glu Asp Asn 

85 90 95 

Asp Val Leu Val Asp Phe Glu Ala Gly Tyr Leu Ala Pro 

100 105 

<210> 7 
<211> 1227 

<212> DNA 

<213> Pseudomonas alcaligenes 
<220> 
<221> CDS 
<222> (1),.(1227) 
<400> 7 

atg ate gac acc ate gee ate ate ggc gee gge etg gee ggt teg acg 
Met He Asp Thr He Ala He He Gly Ala Gly Leu Ala Gly Ser Thr 

1 .5 10 15 

get geg egc gea etg egc gee eag gga tac gag ggg egc ate eae etg 96 
Ala Ala Arg Ala Leu Arg Ala Gin Gly Tyr Glu Gly Arg lie His Leu 

20 25 30 

etc ggg gat gag teg cat cag gee tat gae egg acc aeg etg tec aag 
Leu Gly Asp Glu Ser His Gin Ala Tyr Asp Arg Thr Thr Leu Ser Lys 

35 40 45 

acg gtg etg gcg ggc gag cag cec gag ccg cct gca ate etg gac age 
Thr Val Leu Ala Gly Glu Gin Pro Glu Pro Pro Ala He Leu Asp Ser 

50 55 60 

gee tgg tac gca teg gee eat gtg gat gtc eag etc ggg cga egg gtg 240 
Ala Trp Tyr Ala Ser Ala His Val Asp Val Gin Leu Gly Arg Arg Val 
65 70 75 80 

agt tge etg gat etg gee aac egc eag att eag ttt gaa teg gge gee 288 
Ser Cys Leu Asp Leu Ala Asn Arg Gin He Gin Phe Glu Ser Gly Ala 

85 90 95 

ccg etg gee tac gac egg etg etg etg gee acc ggc gcg egc gee egg 336 
Pro Leu Ala Tyr Asp Arg Leu Leu Leu Ala Thr Gly Ala Arg Ala Arg 

100 105 110 

egc atg gcg att egg ggt ggc gae etg gca ggc ate eat ace ttg cga 384 
Arg Met Ala He Arg Gly Gly Asp Leu Ala Gly He His Thr Leu Arg 

115 120 125 

gac etc gcc gac age cag gcg etg egg cag gcg etg caa ccg ggc cag 432 
Asp Leu Ala Asp Ser Gin Ala Leu Arg Gin Ala Leu Gin Pro Gly Gin 

130 135 140 

teg etg gtc ate gtc ggc gga ggc etg ate ggt tge gag gtg gcg acc 



144 



192 



480 



u 



(35) 
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67 



68 



Ser Leu Val He Val Gly Gly Gly Leu He Gly Cys Glu Val Ala Thr 
145 150 155 160 

acc gcc cgc aag ctg agt gtc cat gtc acg att ctg gaa gcc ggc gac 
Thr Ala Arg Lys Leu Ser Val His Val Thr He Leu Glu Ala Gly Asp 

165 170 175 

gag ttg ctg gtg cgc gtg ctg ggt cac egg acc ggg gca tgg tgt egg 
Glu Leu Leu Val Arg Val Leu Gly His Arg Thr Gly Ala Trp Cys Arg 

180 185 190 

gcc gaa ctg gaa cgc atg ggt gtc cgc gtg gag cgc aat gca cag gcc 
Ala Glu Leu Glu Arg Met Gly Val Arg Val Glu Arg Asn Ala Gin Ala 

195 200 205 

gcg cgc ttc gaa ggc cag ggg cag gtg cgc gcc gtg ate tgc gcc gac 
Ala Arg Phe Glu Gly Gin Gly Gin Val Arg Ala Val He Cys Ala Asp 

210 215 220 

ggg cgc egg gtg cec gcc gat gtg gtc ttg gtc age att ggc gcc gag 
Gly Arg Arg Val Pro Ala Asp Val Val Leu Val Ser He Gly Ala Glu 
225 230 235 240 

ccg gcg gac gag ctg gcc cgt gcc get ggc ate gcc tgc gcg cgc ggc 
Pro Ala Asp Glu Leu Ala Arg Ala Ala Gly He Ala Cys Ala Arg Gly 

245 250 255 

gtg ctg gtc gac gcc acc ggc gcc ace teg tgt cca gag gtg ttc gcc 
Val Leu Val Asp Ala Thr Gly Ala Thr Ser Cys Pro Glu Val Phe Ala 

260 265 270 

gcc ggt gac gtc gcc gcc tgg ccg ctg cgt caa ggg ggc cag cgc teg 
Ala Gly Asp Val Ala Ala Trp Pro Leu Arg Gin Gly Gly Gin Arg Ser 

275 280 285 

ctg gag acc tac ctg aac age cag atg gag gcc gaa ate gcg gcc age 
Leu Glu Thr Tyr Leu Asn Ser Gin Met Glu Ala Glu He Ala Ala Ser 

290 295 300 

gcc atg ttg agt cag ccc gtg ccg gcg cec cag gtg ccg acc teg tgg 
Ala Met Leu Ser Gin Pro Val Pro Ala Pro Gin Val Pro Thr Ser Trp 
305 310 315 320 

acg gag att gca ggc cac cgc ate cag atg att ggc gat gee gaa ggg 
Thr Glu He Ala Gly His Arg He Gin Met He Gly Asp Ala Glu Gly 

325 330 335 

ccc ggc gag ate gtc gta cgc ggc gac gcc cag age ggc cag cca ate 
Pro Gly Glu He Val Val Arg Gly Asp Ala Gin Ser Gly Gin Pro He 

340 345 350 

gtg ttg etc agg ctg ctt gat ggc tgc gtc gag gcc gcg acg gcg ate 
Val Leu Leu Arg Leu Leu Asp Gly Cys Val Glu Ala Ala Thr Ala He 

355 360 365 

aat gcc acc agg gaa ttt tct gtg gcg acc cga ctg gtc ggc acc egg 
Asn Ala Thr Arg Glu Phe Ser Val Ala Thr Arg Leu Val Gly Thr Arg 

370 375 380 

gtt tct gtt tec gcc gag caa ctg cag gac gtc ggc teg aac ctg egg 
Val Ser Val Ser Ala Glu Gin Leu Gin Asp Val Gly Ser Asn Leu Arg 
385 390 395 400 

gat tta etc aaa gcc aaa ccg aat tga 
Asp Leu Leu Lys Ala Lys Pro Asn 



528 



576 



624 



672 



720 



768 



816 



864 



912 



960 



1008 



1056 



1104 



1152 



1200 



1227 



(36) 



69 



70 
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405 

<210> 8 
<211> 408 
<212> PRT 

<213> Pseudomonas alcaligenes 
<400> 8 

Met He Asp Thr lie Ala He He Gly Ala Gly Leu Ala Gly Ser Thr 

1 5 10 15 

Ala Ala Arg Ala Leu Arg Ala Gin Gly Tyr Glu Gly Arg He His Leu 

20 25 30 

Leu Gly Asp Glu Ser His Gin Ala Tyr Asp Arg Thr Thr Leu Ser Lys 

35 40 45 

Thr Val Leu Ala Gly Glu Gin Pro Glu Pro Pro Ala He Leu Asp Ser 

50 55 60 

Ala Trp Tyr Ala Ser Ala His Val Asp Val Gin Leu Gly Arg Arg Val 
65 70 75 80 

Ser Cys Leu Asp Leu Ala Asn Arg Gin He Gin Phe Glu Ser Gly Ala 

85 90 95 

Pro Leu Ala Tyr Asp Arg Leu Leu Leu Ala Thr Gly Ala Arg Ala Arg 

100 105 HO 

Arg Met Ala He Arg Gly Gly Asp Leu Ala Gly He His Thr Leu Arg 

115 120 125 

Asp Leu Ala Asp Ser Gin Ala Leu Arg Gin Ala Leu Gin Pro Gly Gin 

130 135 140 

Ser Leu Val He Val Gly Gly Gly Leu He Gly Cys Glu Val Ala Thr 
145 150 155 160 

Thr Ala Arg Lys Leu Ser Val His Val Thr He Leu Glu Ala Gly Asp 

165 170 175 

Glu Leu Leu Val Arg Val Leu Gly His Arg Thr Gly Ala Trp Cys Arg 

180 185 190 

Ala Glu Leu Glu Arg Met Gly Val Arg Val Glu Arg Asn Ala Gin Ala 

195 200 205 

Ala Arg Phe Glu Gly Gin Gly Gin Val Arg Ala Val He Cys Ala Asp 

210 215 220 

Gly Arg Arg Val Pro Ala Asp Val Val Leu Val Ser He Gly Ala Glu 
225 230 235 240 

Pro Ala Asp Glu Leu Ala Arg Ala Ala Gly He Ala Cys Ala Arg Gly 

245 250 255 

Val Leu Val Asp Ala Thr Gly Ala Thr Ser Cys Pro Glu Val Phe Ala 

260 265 270 

Ala Gly Asp Val Ala Ala Trp Pro Leu Arg Gin Gly Gly Gin Arg Ser 

275 280 285 

Leu Glu Thr Tyr Leu Asn Ser Gin Met Glu Ala Glu He Ala Ala Ser 

290 295 300 

Ala Met Leu Ser Gin Pro Val Pro Ala Pro Gin Val Pro Thr Ser Trp 
305 310 315 320 

Thr Glu He Ala Gly His Arg He Gin Met He Gly Asp Ala Glu Gly 

325 330 335 

Pro Gly Glu He Val Val Arg Gly Asp Ala Gin Ser Gly Gin Pro He 
340 345 350 



71 



2003-269 

72 



48 



96 



Val Leu Leu Arg Leu Leu Asp Gly Cys Val Glu Ala Ala Thr Ala He 

355 360 365 

Asn Ala Thr Arg Glu Phe Ser Val Ala Thr Arg Leu Val Gly Thr Arg 

370 375 380 

Val Ser Val Ser Ala Glu Gin Leu Gin Asp Val Gly Ser Asn Leu Arg 
385 390 395 400 

Asp Leu Leu Lys Ala Lys Pro Asn 

405 

<210> 9 
<211> 1377 
<212> DNA 

<213> Artificial Sequence 
<220> 
<221> CDS 
<222> (1)..(1377) 
<220> 

<223> Description of Artificial Sequence: modified 

di oxygenase gene derived from P. pseudoalcal i genes 
<400> 9 

atg age tea gca ate aaa gaa gtg cag gga gcc cct gtg aag tgg gtt 
Met Ser Ser Ala He Lys Glu Val Gin Gly Ala Pro Val Lys Trp Val 

15 10 15 

acc aat tgg acg ecg gag gcg ate egg ggg ttg gte gat eag gaa aaa 
Thr Asn Trp Thr Pro Glu Ala He Arg Gly Leu Val Asp Gin Glu Lys 

20 25 30 

ggg ctg ctt gat cca cgc ate tac gcc gat cag agt ctt tat gag ctg 
Gly Leu Leu Asp Pro Arg He Tyr Ala Asp Gin Ser Leu lyr Glu Leu 

35 40 45 

gag ctt gag egg gtt ttt ggt cgc tct tgg ctg tta ctt ggg cac gag 
Glu Leu Glu Arg Val Phe Gly Arg Ser Trp Leu Leu Leu Gly His Glu 

50 55 60 

agt cat gtg eet gaa acc ggg gac ttc ctg gcc act tac atg ggc gaa 
Ser His Val Pro Glu Thr Gly Asp Phe Leu Ala Thr Tyr Met Gly Glu 
65 70 75 80 

gat eeg gtg gtt atg gtg cga eag aaa gae aag age ate aag gtg ttc 288 
Asp Pro Val Val Met Val Arg Gin Lys Asp Lys Ser He Lys Val Phe 

85 90 95 

ctg aac eag tge egg eae ege ggc atg egt ate tge cge teg gac gee 336 
Leu Asn Gin Cys Arg His Arg Gly Met Arg He Cys Arg Ser Asp Ala 

100 105 110 

ggc aac gcc aag get ttc acc tge age tat cac ggc tgg gee tac gae 384 
Gly Asn Ala Lys Ala Phe Thr Cys Ser Tyr His Gly Trp Ala Tyr Asp 

115 120 125 

ate gcc ggc aag ctg gtg aac gtg ccg ttc gag aag gaa gcc ttt tge 
He Ala Gly Lys Leu Val Asn Val Pro Phe Glu Lys Glu Ala Phe Cys 

130 135 140 

gac aag aaa gaa ggc gae tge ggc ttt gac aag gee gaa tgg ggc ccg 
Asp Lys Lys Glu Gly Asp Cys Gly Phe Asp Lys Ala Glu Trp Gly Pro 
145 150 155 160 

etc eag gca cgc gtg gca ace tac aag ggc ctg gte ttt gee aac tgg 



144 



192 



240 



432 



480 



528 



(38) 
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73 



74 



Leu Gin Ala Arg Val Ala Thr Tyr Lys Gly Leu Val Phe Ala Asn Trp 

165 170 175 

gat gtg cag gcg cca gac ctg gag acc tac etc ggt gac gcc cgc ccc 
Asp Val Gin Ala Pro Asp Leu Glu Thr Tyr Leu Gly Asp Ala Arg Pro 

180 185 190 

tat atg gac gtc atg ctg gat cgc acg ccg gcc ggg act gtg gcc ate 
Tyr Met Asp Val Met Leu Asp Arg Thr Pro Ala Gly Thr Val Ala He 

195 200 205 

ggc ggc atg cag aag tgg gtg att ccg tgc aac tgg aag ttt gcc gcc 
Gly Gly Met Gin Lys Trp Val He Pro Cys Asn Trp Lys Phe Ala Ala 

210 215 220 

gag cag ttc tgc agt gac atg tac cac gcc ggc acc atg teg cac ctg 
Glu Gin Phe Cys Ser Asp Met Tyr His Ala Gly Thr Met Ser His Leu 
225 230 235 240 

tec ggc ate ctg gcg ggc atg ccg ccg gaa atg gac etc tec cag gcg 
Ser Gly He Leu Ala Gly Met Pro Pro Glu Met Asp Leu Ser Gin Ala 

245 250 255 

cag ata ccc acc aag ggc aat cag ttc egg gcc get tgg ggc ggg cac 
Gin He Pro Thr Lys Gly Asn Gin Phe Arg Ala Ala Trp Gly Gly His 

260 265 270 

ggc teg ggc tgg tat gtc gac gag ccg ggc atg etc atg gcg gtg atg 
Gly Ser Gly Trp Tyr Val Asp Glu Pro Gly Met Leu Met Ala Val Met 

275 280 285 

ggg ccc aag gtc acc cag tac tgg acc gaa ggt ccg get gcc gac ctg 
Gly Pro Lys Val Thr Gin Tyr Trp Thr Glu Gly Pro Ala Ala Asp Leu 

290 295 300 

gea gaa cag cga ctg ggc cac ace atg ccg gtt ega cgc atg ttc ggc 
Ala Glu Gin Arg Leu Gly His Thr Met Pro Val Arg Arg Met Phe Gly 
305 310 315 320 

cag cac atg age gtc ttc ccg ace tgc teg ttc etc ccg gee ate aac 
Gin His Met Ser Val Phe Pro Thr Cys Ser Phe Leu Pro Ala He Asn 

325 330 335 

acc ate egg ace tgg cac ccg cgc ggc ccc aac gaa ate gaa gtg tgg 
Thr He Arg Thr Trp His Pro Arg Gly Pro Asn Glu He Glu Val Trp 

340 345 350 

gcc ttc acc ttg gtc gat gcc gat gcc ccg gcc gag ate aag gaa gaa 
Ala Phe Thr Leu Val Asp Ala Asp Ala Pro Ala Glu He Lys Glu Glu 

355 360 365 

tat cgc egg cac aac ate cgc acc ttc tec gea ggc ggc gtg ttt gag 
Tyr Arg Arg His Asn He Arg Thr Phe Ser Ala Gly Gly Val Phe Glu 

370 375 380 

cag gac gat ggc gag aac tgg gtg gag ate cag aag ggg eta cgt ggg 
Gin Asp Asp Gly Glu Asn Trp Val Glu He Gin Lys Gly Leu Arg Gly 
385 390 395 400 

tac aag gcc aag age cag ccg etc aat gee cag atg ggc ctg ggt egg 
Tyr Lys Ala Lys Ser Gin Pro Leu Asn Ala Gin Met Gly Leu Gly Arg 

405 410 415 

teg cag acc ggt cac cct gat ttt cct ggc aac gtc ggc tac gtc tac 
Ser Gin Thr Gly His Pro Asp Phe Pro Gly Asn Val Gly Tyr Val Tyr 



576 



624 



672 



720 



768 



816 



864 



912 



960 



1008 



1056 



1104 



1152 



1200 



1248 



1296 



(39) 
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75 



76 



420 



425 



430 



gcc gaa gaa gcg gcg egg ggt atg tat cac cac tgg atg cgc atg atg 1344 
Ala Glu Glu Ala Ala Arg Gly Met Tyr His His Trp Met Arg Met Met 

435 440 445 

tec gag ccc age tgg gee acg etc aag ece tga 1377 
Ser Glu Pro Ser Trp Ala Thr Leu Lys Pro 



<210> 10 
<211> 458 
<212> PRT 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: modified 

di oxygenase gene derived from P. pseudoalcal i genes 
<400> 10 

Met Ser Ser Ala He Lys Glu Val Gin Gly Ala Pro Val Lys Trp Val 

1 5 10 15 

Thr Asn Trp Thr Pro Glu Ala lie Arg Gly Leu Val Asp Gin Glu Lys 

20 25 30 

Gly Leu Leu Asp Pro Arg He Tyr Ala Asp Gin Ser Leu Tyr Glu Leu 

35 40 45 

Glu Leu Glu Arg Val Phe Gly Arg Ser Trp Leu Leu Leu Gly His Glu 

50 55 60 

Ser His Val Pro Glu Thr Gly Asp Phe Leu Ala Thr Tyr Met Gly Glu 
65 70 75 80 

Asp Pro Val Val Met Val Arg Gin Lys Asp Lys Ser He Lys Val Phe 

85 90 95 

Leu Asn Gin Cys Arg His Arg Gly Met Arg He Cys Arg Ser Asp Ala 

100 105 110 

Gly Asn Ala Lys Ala Phe Thr Cys Ser Tyr His Gly Trp Ala Tyr Asp 

115 120 125 

He Ala Gly Lys Leu Val Asn Val Pro Phe Glu Lys Glu Ala Phe Cys 

130 135 140 

Asp Lys Lys Glu Gly Asp Cys Gly Phe Asp Lys Ala Glu Trp Gly Pro 
145 150 155 160 

Leu Gin Ala Arg Val Ala Thr Tyr Lys Gly Leu Val Phe Ala Asn Trp 

165 170 175 

Asp Val Gin Ala Pro Asp Leu Glu Thr Tyr Leu Gly Asp Ala Arg Pro 

180 185 190 

Tyr Met Asp Val Met Leu Asp Arg Thr Pro Ala Gly Thr Val Ala He 

195 200 205 

Gly Gly Met Gin Lys Trp Val He Pro Cys Asn Trp Lys Phe Ala Ala 

210 215 220 

Glu Gin Phe Cys Ser Asp Met Tyr His Ala Gly Thr Met Ser His Leu 
225 230 235 240 

Ser Gly He Leu Ala Gly Met Pro Pro Glu Met Asp Leu Ser Gin Ala 

245 250 255 

Gin He Pro Thr Lys Gly Asn Gin Phe Arg Ala Ala Trp Gly Gly His 

260 265 270 

Gly Ser Gly Trp Tyr Val Asp Glu Pro Gly Met Leu Met Ala Val Met 



450 



455 



(40) 
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77 



78 



275 



280 



285 



Gly Pro Lys Val Thr Gin Tyr Trp Thr Glu Gly Pro Ala Ala Asp Leu 

290 295 300 

Ala Glu Gin Arg Leu Gly His Thr Met Pro Val Arg Arg Met Phe Gly 
305 310 315 320 

Gin His Met Ser Val Phe Pro Thr Cys Ser Phe Leu Pro Ala He Asn 

325 330 335 

Thr He Arg Thr Trp His Pro Arg Gly Pro Asn Glu He Glu Val Trp 

340 345 350 

Ala Phe Thr Leu Val Asp Ala Asp Ala Pro Ala Glu He Lys Glu Glu 

355 360 365 

Tyr Arg Arg His Asn He Arg Thr Phe Ser Ala Gly Gly Val Phe Glu 

370 375 380 

Gin Asp Asp Gly Glu Asn Trp Val Glu He Gin Lys Gly Uu Arg Gly 
385 390 395 400 

Tyr Lys Ala Lys Ser Gin Pro Leu Asn Ala Gin Met Gly Leu Gly Arg 

405 410 415 

Ser Gin Thr Gly His Pro Asp Phe Pro Gly Asn Val Gly Tyr Val Tyr 

420 425 . 430 

Ala Glu Glu Ala Ala Arg Gly Met Tyr His His Trp Met Arg Met Met 

435 440 445 

Ser Glu Pro Ser Trp Ala Thr Leu Lys Pro 

450 455 
<^210> 11 
<211> 459 
<212> PRT 

<213> Burkholderia cepacia 
<400> 11 

Met Ser Ser Ala He Lys Glu Val Gin Gly Ala Pro Val Lys Trp Val 

1 5 10 15 

Thr Asn Trp Thr Pro Glu Ala He Arg Gly Leu Val Asp Gin Glu Lys 

20 25 30 

Gly Leu Leu Asp Pro Arg He Tyr Ala Asp Gin Ser Leu Tyr Glu Leu 

35 40 45 

Glu Leu Glu Arg Val Phe Gly Arg Ser Trp Leu Leu Leu Gly His Glu 

50 55 60 

Ser His Val Pro Glu Thr Gly Asp Phe Uu Ala Thr Tyr Met Gly Glu 
65 70 75 80 

Asp Pro Val Val Met Val Arg Gin Lys Asp Lys Ser He Lys Val Phe 

85 90 95 

Leu Asn Gin Cys Arg His Arg Gly Met Arg He Cys Arg Ser Asp Ala 

100 105 HO 

Gly Asn Ala Lys Ala Phe Thr Cys Ser Tyr His Gly Trp Ala Tyr Asp 

115 120 125 

He Ala Gly Lys Leu Val Asn Val Pro Phe Glu Lys Glu Ala Phe Cys 

130 135 140 

Asp Lys Lys Glu Gly Asp Cys Gly Phe Asp Lys Ala Glu Trp Gly Pro 
145 150 155 160 

Leu Gin Ala Arg Val Ala Thr Tyr Lys Gly Leu Val Phe Ala Asn Trp 



165 



170 



175 



(41) 
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79 



80 



Asp Val Gin Ala Pro Asp Leu Glu Thr Tyr Leu Gly Asp Ala Arg Pro 

180 185 190 

Tyr Met Asp Val Met Leu Asp Arg Thr Pro Ala Gly Thr Val Ala He 

195 200 205 

Gly Gly Met Gin Lys Trp Val He Pro Cys Asn Trp Lys Phe Ala Ala 

210 215 220 

Glu Gin Phe Cys Ser Asp Met Tyr His Ala Gly Thr Thr Thr His Leu 
225 230 235 240 

Ser Gly He Leu Ala Gly He Pro Pro Glu Met Asp Leu Ser His Ala 

245 250 255 

Gin Val Pro Thr Lys Gly Asn Gin Phe Arg Ala Gly Trp Gly Gly His 

260 265 270 

Gly Ser Gly Trp Phe Val Asp Glu Pro Gly Ser Leu Leu Ala Val Met 

275 280 285 

Gly Pro Lys Val Thr Gin Tyr Trp Thr Glu Gly Pro Ala Ala Glu Leu 

290 295 300 

Ala Glu Gin Arg Leu Gly His Thr Gly Met Pro Val Arg Arg Met Val 
305 310 315 320 

Gly Gin His Met Thr He Phe Pro Thr Cys Ser Phe Leu Pro Thr Phe 

325 330 335 

Asn Asn He Arg He Trp His Pro Arg Gly Pro Asn Glu He Glu Val 

340 345 350 

Trp Ala Phe Thr Leu Val Asp Ala Asp Ala Pro Ala Glu He Lys Glu 

355 360 .365 

Glu Tyr Arg Arg His Asn He Arg Asn Phe Ser Ala Gly Gly Val Phe 

370 375 380 

Glu Gin Asp Asp Gly Glu Asn Trp Val Glu He Gin Lys Gly Leu Arg. 
385 390 395 400 

Gly Tyr Lys Ala Lys Ser Gin Pro Leu Asn Ala Gin Met Gly Leu Gly 

405 410 415 

Arg Ser Gin Thr Gly His Pro Asp Phe Pro Gly Asn Val Gly Tyr Val 

420 425 430 

Tyr Ala Glu Glu Ala Ala Arg Gly Met Tyr His His Trp Met Arg Met 

435 440 445 

Met Ser Glu Pro Ser Trp Ala Thr Leu Lys Pro 
450 455 



[ [EI 1 ] Pseudomonas pseudoa 1 ca 1 i genes K F 7 O 7 ^ 
im2] Burkholderia cepacia LB400 W^^(D\=:y 

[m 3 ] Pseudomonas pseudoa 1 ca 1 i genes K F 7 0 7$|c 

*5fe<7:)a1^^^^:y h (KF 7 0 7). Burkholderia c 
epacia LB400 iSfefejfeO a 1^:/^^ h (LB 4 0 
0) ^ jo J: ty^^i^ ^ tl/fe- Pseudomonas pseudoa 1 ca 1 i gene 
sKF 7 0 7t5fc^5fe^Oai^:/^::^5/ h (2 0 7 2) (DT 
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.1 



81 
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82 



imi] [0 2 1 




[HIS] 



30 



40 



^hAl(2072) 

BphAl(KF707) 

^hA(LB400) 



BphAl<2072) 

^hAl<KF707) 

^hA(LB400) 



BphAl(2072) 

BphAl(KP707) 

BphA<LB400) 



BphAl(2072) 

BphAl(KF707) 

BphA(LB400) 



BphAl(2072) 

BE>hAl(KF707) 

BphA{LB400) 



BphAl(2072) 

BphAl{KF707) 

BphA(l4B400) 



BphAl(2072) 

BphAl(KF707) 

BphA(U3400) 



BphAl(2072) 

BphAl(KF707) 

BphA(LB400) 



BphAl(2072) 

^phAl(KF707) 

^phA(LB400) 



BphAl(2072} 

3phAl(KF707) 

BphA(LB400) 




A?^7Ki^i^/T^r/n|PRiIRGO/Xr;|EKGLLDrRIv|ADCiJ 




70 



80 



90 



100 




[X^HESH^yPEllGDFIAT^il-'CElDPv^.Or.^ROKLlK 



110 



120 



130 




160 



DAGI^ 


LnKAFTC 


DAGTv 


lAlCAFTC 


DAGI^ 


lAI^AFTC 


170 




180 



140 150 



EAFCEKKEGD 
hAfCUKKEC'D 
FAFCDKKEGL- 



190 200 



151 
151 
151 



CGFDI-:AE:'IGFlLQARVATYKG|L\rrAl-3Vvr.VQ^JPDLET\'rX4DA|nP^^ 
GCiF D!-:AL'/;G tl LQARVAT/lxi L\^Arvi\'vT)VCAl PDLETYI^D J r.P'fl^IEr./l'ILDr 



210 



220 



230 



PDLEI"t'LGD7. 



240 




250 



oGILoTiGl'lFPF, 
SGIU^-Gl'lFFE 

sgilac-Pfpe 



260 



270 



251 


I-IDLSQA 


QTPT 


251 1 






251 1 


I-TC'LSQA 


QTPT 




310 



320 



280 




290 


3IIGSGV/!i:VdJ 


FGMXil 




giigsgvSvt>e| 




AWIGF 


GHGSGVrrvT)?! 


PGfera 


A'»/I^lGi 


330 




340 



300 




350 




360 



370 



380 



351 
351 
351 



401 
401 
401 



451 
451 
451 



;}MrirTAFTL\/EA| UAPAE iKHE i 
EvVJAFTL^nrAJDAPAEIKEE-i 
^A\'APTT.^/T:';i| OA PAEl KSEV 




390 



GGVFECDCG 
GG^yTEOnnG 
GG'/FECOnG' 



400 



410 



420 



430 




GHFDF 


PG 






GHPDF 








!:;h?ff 


i 








460 



bl'.SvVATLKl 
EPSVJATLKr 
l-;p.GVrATLKh 



470 



480 



490 



500 



50 
50 
50 



100 
100 
100 



150 
150 
150 



.200 
200 
200 



250 
250 
250 



300 
300 
300 



350 
350 
350 



400 
400 
400 



450 
450 
450 



500 
500 
500 
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[1^4] 



(2-Phenyl quinoSne) 




(2-Phenyt indole) 




(d-Pheiiyl-l<-lmlanone> 




N 



(2-Benzyl pyrkflne) 



if— N 

o 



N = 




(1-fl«nzyl Imidazole) 



N-S 




4-^^ > x^U-f V5^7 
(4-Ben2yl Isothiazole) 





2-7 X —JU^>\/^7\/-'A^ 
(2-Phenyl benzothlazole) 



2-7 x-ZW'^ ^l/^-y-!/— ^J' 
(2-Phenyl benzoxazole) 



2-7x— ;vtfyy> 

(2-Phenyl pyridine) 



(1-Phenyl parole) 



CFIavooe) 




(3-Methyl-2-phanyl pyrtdfaw) 



4-7x— ;wtU5s;> 

(4-Pheny1 pyrimldlne) 




X) 



(1-Phenyi pyrazole) 



(3-Metyi-1 -phenyl pyrazole) 



[1^8] 





(Flavanone) 



6-t HP + *>7^/<y > 
(6-Hy d r 0X1 f 1 1 vanone) 





[Z-d-PhenylethyD- 
1. 3-i$oiadotinodiond 



C2-<1. 2. 3. 4-Tetrah»dro-l- 
naphthalenyD-'l. 3-isoiadol inedione] 




2-(2-t Hn+i/7x^l<)-^>V+t^*y-Zl' 
[2-(2-Hydroxyphenyl>-benzaxazole] 



2-(p->UZU)eU5^> 
[2-(p'TolyO pyridine] 



(2-rv6utyibenzorurBn) 



[me] 





Co 



— N OH 



3-/>-^4^ i^jU^Tt 7 X > 
(3-r>Hexyi tMophene) 




PH 





PH 




com 




(l-Naphthoic acid) 




COOH 



O-Naphthylacalate) 



9 



10 



f==I OH 



11 
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[|g|7l 



H 




N 



1 




12 



13 



14 



HO PH 



HO OH 




15 



16 



17 



(\ HO 

18 



HO, 



a— N OH 




19 



20 



21 



O 
22 




HO 




23 




OH 



HOol 




com 




32 C=/ 





OH 



33 



34 



OH 




OH 



35 



(72) mm^ m ^ % 

MMum^ 6-26-1 

* ;ii ^^ 

SIfigiirISM TfTJKlK^glie 6 - 10- 1 



K:^fP:5CM 11:5^5^ i - 1 - i 

F^— 4B024 AAOl BA08 DA06 DA08 DA12 

HA03 

4B050 CC04 DD02 EEIO LL05 

4B064 AD43 AE43 CA02 CA03 CA06 

CA19 CA21 CB12 DAOl 



